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1  Introduction 


Background 

Prescribed  burning  has  become  an  increasingly  common  management  tool  to 
modify  habitats  for  many  species  in  the  southeastern  United  States.  On  military 
installations  in  the  southeast,  prescribed  burning  is  used  frequently  and  is  used 
on  a  landscape  scale  to  control  midstory  encroachment  in  habitats  of  the  endan¬ 
gered  red-cockaded  woodpecker  (ROW,  Picoides  borealis).  On  Army  installa¬ 
tions,  as  much  as  one-third  of  ROW  habitat  is  scheduled  for  prescribed  burning 
annually  under  installations’  Endangered  Species  Management  Plans.  Such  a 
wide-scale  use  of  prescribed  binning  to  achieve  management  objectives  focused 
on  one  species  raises  valid  concerns  of  ancillary  effects  to  other  biological  re¬ 
sources  on  military  installations. 

This  concern  has  been  raised  on  military  installations  in  the  southeast,  particu¬ 
larly  in  the  context  of  effects  of  prescribed  bums  on  populations  of  popular  game 
species.  Installations  provide  significant  recreational  hunting  opportunities  to 
both  resident  civilian  and  military  personnel  as  well  as  to  the  general  public  in 
surrounding  communities.  Recreational  hunting  programs  on  military  installa¬ 
tions  provide  high  public  visibility  for  prescribed  burning  activities  and  the  per¬ 
ceived  effects  of  prescribed  burning  on  game  species.  The  obvious  short-term  ef¬ 
fects  of  burning  have  often  lead  to  a  strongly  negative  public  perception  that 
prescribed  burning  on  a  landscape  scale  is  detrimental  to  game  species. 

Military  land  managers  need  a  current  scientific  perspective  on  the  effects  of 
prescribed  burning  on  the  three  most  popular  terrestrial  game  species  in  the 
southeast:  bobwhite  quail  ( Colinus  virginianus  L.),  eastern  wild  turkey  (AfeZea- 
gris  gallopavo  silvestris  Vieillot),  and  white-tailed  deer  < Odocoileus  virginianus). 
This  literature  review  provides  land  managers  useful  information  for  planning 
and  implementing  a  balanced  burning  program  as  well  as  information  useful  for 
educating  the  public  on  the  effects  of  prescribed  bum  programs  on  installations. 

This  document  reviews  pertinent  literature  and  data  to  evaluate  the  effects  of 
fire  on  the  viability  of  bobwhite  quail,  eastern  wild  turkey,  and  white-tailed  deer 
populations.  It  includes  both  direct  and  indirect  effects  of  fire  on  the  habitats, 
behaviors,  and  diets  of  the  species.  This  review  also  discusses  the  advisability  of 
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using  prescribed  burning  as  a  management  tool  in  habitats  occupied  by  each  of 
these  species,  and  suggests  guidelines  for  the  optimum  season  of  burning,  fre¬ 
quency  of  burning,  the  amount  of  habitat  consumed,  and  specific  precautions  to 
ensure  proper  application  of  fire  for  game  species  considered  in  this  review. 


Objective 

The  objective  of  this  report  is  to  provide  the  information  necessary  for  wildlife 
managers  throughout  the  southeastern  United  States  to  make  sound  manage¬ 
ment  decisions  relative  to  employing  a  burning  regime  in  habitat  occupied  by 
bobwhite  quail,  wild  turkey  and  white-tailed  deer. 


Approach 

For  this  project,  researchers  conducted  extensive  searches  of  appropriate  data¬ 
bases  and  library  holdings  to  identify  both  contemporary  and  historic/ 
fundamental  research. 


Scope 

This  report  is  limited  to  information  on  the  habitat  requirements,  behaviors,  and 
diets  of  bobwhite  quail,  wild  turkey,  and  white-tailed  deer  and  the  effects  of  fire 
on  each  of  these  aspects  of  each  species’  biology  and  ecology  in  the  southeast 
United  States.  It  focuses  on  the  impact  of  fire  on  herbaceous  and  woody  vegeta¬ 
tion  used  by  the  species  in  question,  on  fauna  of  interest  to  the  species  in  ques¬ 
tion,  and  direct  impacts  on  the  three  target  species.  The  information  may  not 
apply  to  other  species  or  other  geographical  areas. 


Mode  of  Technology  Transfer 

The  information  in  this  report  will  be  distribute  to  military  land  managers  in  the 
southeastern  United  States  for  incorporation  in  installation  Endangered  Species 
Management  Plans  by  reference  or  addendum. 

This  report  will  be  made  accessible  through  the  World  Wide  Web  (WWW)  at 
URL: 

http://www.cecer.army.mil 
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Units  of  Weight  and  Measure 

U.S.  standard  units  of  measure  are  used  throughout  this  report.  A  table  of  con¬ 
version  factors  for  Standard  International  (SI)  units  is  provided  below. 


1  in.  = 

2.54  cm 

1  ft 

0.305  m 

1  acre 

0.405  hectare 
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2  Bobwhite  Quail  ( Colinus  virginianus  L.) 


Introduction 

Typical  quail  habitat  in  the  southeastern  United  States  consists  of  open  pine  for¬ 
est  interspersed  with  thickets.  This  habitat  is  capable  of  producing  an  abun¬ 
dance  of  seeds  and  fruits  and  supporting  a  large  insect  population  (Stoddard 
1931;  Landers  1981;  Wade  and  Lunsford  1989).  Such  diversity  of  habitat  is  nec¬ 
essary  to  create  productive  wildlife  habitat  (Speake,  Hill,  and  Carter  1975;  Wil¬ 
son,  Masters,  and  Bukenhofer  1995),  and  is  important  to  quail  for  seasonal  nest¬ 
ing  and  for  conducting  the  daily  activities  of  foraging,  dust  bathing,  and  roosting. 
According  to  Stoddard  (1931),  some  productive  quail  preserves  consist  of  50  to  70 
percent  open  woodlands  with  various  oaks,  gums,  flowering  dogwoods,  cherry, 
and  shrubby  undergrowth.  When  woods  become  too  dense,  ground  vegetation 
will  not  grow  (Speake,  Hill,  and  Carter  1975;  Dunning  1993),  or  when  the  leaf 
litter  is  too  thick,  it  becomes  impossible  for  the  bobwhite  to  find  food  (Stoddard 
1931).  Under  these  circumstances,  bobwhite  quail  will  “starve  in  a  land  of 
plenty”  and  are  usually  absent  from  or  purposely  avoid  such  areas  (Stoddard 
1931;  Rosene  1969).  Therefore,  to  manage  for  quail  in  the  sandhills,  flatwoods, 
or  other  regions  of  the  southeastern  United  States,  one  needs  to  diversify  vegeta¬ 
tion  as  much  as  possible  by  providing  a  balance  of  open  woodlands,  weedy  fields, 
thickets,  and  scattered  grasses  through  the  use  of  prescribed  burning  (Stoddard 
1931;  McRae,  Landers,  and  Buckner  1979;  Landers  and  Mueller  1986;  Wade  and 
Lunsford  1989;  Landers  1990;  Wilson,  Masters,  and  Bukenhofer  1995).  Rosene 
(1969)  is  also  in  agreement  with  this  habitat  characterization  and  states  that  a 
combination  of  burned  and  unbumed  vegetation  and  bare  soil  provides  ideal 
quail  habitat. 


Direct  Effects  of  Fire  on  Quail  Populations 

Direct  effects  of  fire  on  quail  include  destruction  of  quail  nests,  and  uncovering 
hidden  food  reserves  (Wilson,  Masters,  and  Bukenhofer  1995).  Quail  usually  re¬ 
spond  to  recently  burned  sites  by  being  attracted  to  the  newly  available  food  re¬ 
sources,  such  as  insects  and  seeds  (Stoddard  1963).  Stribling  and  Speake  (1991) 
conducted  spring  and  fall  bird  counts  on  annual  and  biennial  burned  plots  and 
an  unbumed  control  area.  Although  no  significant  differences  between  biennial 
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and  annual  burned  plots  were  found,  biennially  burned  plots  averaged  twice  as 
many  quail  as  annually  burned  plots.  In  addition,  of  the  nine  census  periods 
conducted  over  5  years,  quail  were  detected  on  unbumed  plots  only  twice.  Wil¬ 
son,  Masters,  and  Bukenhofer  (1995)  show  similar  findings  in  open  pine- 
grassland  communities  with  quail  found  most  frequently  in  the  first  year  post¬ 
bum  with  declining  predominance  in  subsequent  years.  Emlen  (1970)  conducted 
bird  counts  1  to  5  months  after  a  bum  in  the  Florida  Everglades.  He  reported 
that  quail  had  no  preference  for  either  burned  or  unbumed  plots.  Lack  of  re¬ 
sponse  to  burning  suggests  that  food  and  shelter  resources  were  not  critically 
disrupted  by  fire  or  may  be  attributed  to  individual  home  range  attachments. 
This  may  also  be  associated  with  the  relatively  brief  duration  of  such  a  severe 
habitat  disturbance  in  an  ecosystem  that  is  fire  adapted  (Emlen  1970). 

Insufficient  data  exists  on  the  effects  of  fire  on  bobwhite  quail  population  dynam¬ 
ics.  A  quail  census  may  not  represent  the  true  consequence  of  prescribed  burn¬ 
ing  on  quail  populations  because  census  areas  and  number  of  animals  observed 
are  too  small,  studies  may  not  be  long  enough  to  detect  a  response  (Bendell 
1974),  and  treatment  replication  or  pretreatment  sampling  is  inadequate  or  alto¬ 
gether  lacking.  The  most  articulate  study  in  the  southeast  on  how  fire  affects 
quail  populations  was  conducted  by  Speake  (1966)  in  the  Alabama  Piedmont. 
When  habitat  was  burned  on  a  4-year  rotation,  quail  populations  were  similar  on 
burned  and  unbumed  sites.  When  burning  occurred  every  2  years,  quail  popula¬ 
tions  on  burned  plots  were  less  than  those  on  unbumed  plots.  However,  when 
the  burning  regime  changed  to  annual  winter  bums,  quail  populations  on 
burned  plots  were  almost  twice  as  high  as  populations  on  unbumed  plots.  Note 
though  that  inadequate  sampling  of  unbumed  plots  and  an  uncontrolled  burning 
treatment  confounds  the  latter  results.  Additional  data  from  Wilson,  Masters, 
and  Bukenhofer  (1995)  indicate  greater  frequency  of  quail  in  the  first  growing 
season  following  a  prescribed  bum,  with  declines  in  density  in  years  2  and  3 
post-bum. 


Indirect  Effects  of  Fire  on  Quail  Populations 

Fire  indirectly  affects  quail  through  its  impact  on  habitat.  Fire  has  the  negative 
effect  of  removing  areas  of  cover  provided  by  thickets  and  loss  of  some  hardwoods 
that  provide  important  fall  foods.  Fire  can  be  helpful,  however,  in  reducing  the 
litter  layer,  thereby  creating  needed  bare  patches  of  soil,  providing  important 
herbaceous  summer  foods  by  stimulating  seed  germination  and  plant  growth, 
and  attracting  insects  with  new  growth  of  vegetation  on  burned  lands. 
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Understory  Vegetation 
Predation 

Dense  understory  vegetation,  or  thickets,  in  quail  habitat  are  important  for  three 
reasons.  The  first  is  protection  from  predators.  In  a  2-year  study  conducted  in 
Georgia,  Mueller,  Atkinson,  and  DeVos  (1989),  measured  pre-  and  post-fire  mor¬ 
tality  of  bobwhite  quail  following  a  clean  bum  vs.  a  patchy  bum.  Cover  provided 
in  the  patchy  burned  plot  (20  ha  cover  / 100  ha  plot)  was  twice  as  much  as  that  of 
the  clean-burned  plot  (8.7  ha  cover  /  190  ha  plot)  in  1985,  and  1.7  times  as  much 
in  1986  (51.2  ha  cover/100  ha  plot  and  30.6  ha  cover/190  ha  plot).  Results  indi¬ 
cated  that  both  pre-  and  post-fire  mortality  was  greater  on  the  clean  bum  site 
than  the  patchy  bum  site.  Furthermore,  quail  ranges  on  the  clean  bum  site 
were  larger  than  those  on  the  patchy  bum  site.  Apparently,  quail  used  whatever 
cover  was  available  on  the  clean  bum  site,  even  if  it  was  outside  their  normal 
range.  The  authors  caution  that  populations  of  resident  raptors  are  augmented 
in  March  and  April  with  the  arrival  of  migrating  hawks.  This  increased  predator 
base  often  coincides  with  the  time  of  the  prescribed  burning,  creating  conditions 
under  which  higher  mortality  was  possible.  They  recommend  a  delay  in  burning 
until  after  the  peak  of  influx,  unfortunately  the  peak  migration  point  is  un¬ 
known.  Landers  and  Mueller  (1986)  have  also  noted  high  mortality  of  bobwhites 
in  the  spring  due  to  increased  movement  of  the  birds  at  this  time,  reduction  of 
cover  due  to  burning,  and  an  increase  in  avian  predators.  Cause  for  concern 
about  predation  levels  also  occurs  when  late  winter  burning  is  conducted  over 
large  areas  where  few,  if  any,  patches  of  cover  remain  (Landers  1981).  Results 
reported  by  Bowman  and  Harris  (1980)  indicate  that  spatial  heterogeneity  is 
more  important  than  nest  concealment  in  reducing  nest  depredation.  Thus,  local 
habitat  heterogeneity  is  an  important  factor  for  quail  survival  and  patchy  burns 
may  contribute  toward  the  creation  of  such  habitats. 

Nesting 

Thickets  are  also  important  for  nesting.  Quail  most  often  nest  in  “roughs,”  areas 
that  have  been  unbumed  for  1  year  or  more  (Rosene  1969;  Simpson  1972b),  and 
that  are  within  50  ft  of  an  opening  (e.g.,  field,  disked  strip,  roadway,  path; 
Rosene  1969;  Harshbarger  and  Simpson  1970.  Stoddard  (1931)  found  74  percent 
of  nests  (447  nests)  within  50  ft  or  less  of  an  opening  and  82  percent  of  nests  (497 
nests)  in  growths  sufficiently  open  at  the  birds’  height  for  them  to  run  freely. 
Harshbarger  and  Simpson  (1970)  reported  the  occurrence  of  bare  ground  around 
65  percent  of  nest  sites  studied.  Simpson  (1972b)  contends  that  prescribed  burn¬ 
ing  benefits  nesting  activities  by  creating  suitable  cover  conditions  1  and  2  years 
post-burn.  A  dense  plant  community  or  a  deep  litter  layer  is  considered  unfit 
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brood  habitat  (Hurst  1972).  This  observation  is  further  supported  by  Stoddard 
(1931)  who  found  only  7  percent  of  nests  (42  out  of  539  nests)  in  dense  growth, 
with  most  being  near  its  edge.  Prescribed  burning  thus  fills  an  important  role  in 
maintaining  quail  brood  habitat  by  removing  litter  (Landers  and  Mueller  1986) 
and  controlling  the  density  of  understory  vegetation  (Rosene  1969;  Waldrop  et  al. 
1987). 

Roosting 

The  third  reason  for  which  thickets  are  necessary  is  to  create  a  proper  roosting 
environment.  Yoho  and  Dimmick  (1972)  indicated  that  honeysuckle  or  other 
dense  understory  covering  provide  attractive  quail  habitat,  with  honeysuckle  be¬ 
ing  the  preferred  ground  cover  for  roosting.  Stoddard  (1931)  noted  that  quail 
avoided  dense  tangles  of  broomsedge  or  wiregrass  for  roosting,  and  preferred  to 
roost  in  chinquapin  or  stubby  oak  sprouts,  huckleberry,  dewberry,  or  blackberry. 
In  west  Texas,  quail  preferred  lotebush  or  honey  mesquite  for  cover  (Renwald, 
Wright,  and  Flinders  1978).  In  contrast,  Rosene  (1969)  reported  that  quail  roost 
on  bare  soil,  between  clumps  of  grass  or  weeds,  or  on  soil  with  a  small  amount  of 
matted-down  vegetation.  The  type  of  roosting  cover  used  at  different  locations  is 
probably  dependent  on  such  factors  as  severity  of  winter,  habitat  composition, 
and  the  intensity  and  kind  of  predation  (Landers  1981). 

Effects  of  fire  on  understory  vegetation 

The  effects  of  various  burning  regimes  on  thickets  are  best  illustrated  by  a  30- 
year  study  conducted  at  the  Santee  and  Westvaco  Experimental  Forests  in  South 
Carolina.  Annual  winter,  periodic  winter  (3  to  7  yrs)  and  periodic  summer  (2  to  7 
yrs)  bums  resulted  in  an  increase  in  the  number  and  density  of  hardwood  stems 
(Langdon  1981).  This  phenomenon  has  been  reported  by  others  (Lotti,  Klawit- 
ter,  and  LeGrande  1960;  Ferguson  1961;  Grano  1970;  Springer  1977;  Grelen 
1978;  McGee,  Leopold,  and  Nyland  1995;  Brose,  Van  Lear,  and  Cooper  1999), 
and  is  explained  by  Waldrop  et  al.  (1987).  They  state  that  the  aboveground  por¬ 
tions  of  hardwoods  less  than  5  cm  diameter  at  breast  height  (dbh)  are  too  small 
to  survive  most  fires,  but  their  root  systems  do,  and  as  a  result,  produce  sprouts 
after  each  fire.  This  is  supported  by  the  work  of  Brose,  Van  Lear,  and  Cooper 
(1999)  who  state  that  since  oak  species  have  hypogeal  germination,  their  root 
collar  and  dormant  buds  remain  subsurface.  This  gives  them  a  great  deal  more 
protection  from  surface  fires,  which  allows  sprouting  to  occur  post-bum.  In  con¬ 
trast,  Langdon  (1981)  asserts  that  annual  summer  burning  dramatically  de¬ 
creased  all  hardwood  species.  Other  researchers  have  concluded  that  summer 
bums  better  eradicate  understory  vegetation  (Ferguson  1957;  Ferguson  1961; 
Brender  and  Copper  1968;  Grano  1970),  and  that  annual  summer  burns  are 
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more  effective  (Waldrop  et  al.  1987)  and  faster  (Grano  1970)  than  biennial  sum¬ 
mer  bums. 

Management  recommendations  for  understory  vegetation 

In  bobwhite  quail  management,  some  removal  of  understory  vegetation  by  fire  is 
desirable  to  produce  open  areas,  but  unbumed  thickets  are  needed  for  escape 
cover  and  nesting  and  roosting  sites.  Landers  and  Mueller  (1986)  recommended 
leaving  shrubs  unbumed  for  2  to  4  years,  as  these  areas  provide  escape  cover 
and  nesting  and  roosting  sites.  Others  encourage  leaving  unbumed  areas  along 
stream  bottoms  or  small  upland  thickets  scattered  throughout  the  habitat  (Hurst 
1970;  Speake,  Hill,  and  Carter  1975;  Wade  and  Lunsford  1989).  In  managing 
wet  flatwoods,  small  areas  (1  to  10  acres)  were  left  unbumed  to  provide  escape 
cover  (Campbell  1988).  Renwald,  Wright,  and  Flinders  (1978),  in  managing  the 
rolling  plains  of  Texas  for  quail,  recommend  providing  at  least  ten  large  honey 
mesquite  and  four  large  lotebushes  per  hectare  to  ensure  adequate  cover.  Muel¬ 
ler,  Atkinson,  and  DeVos  (1989)  emphasized  that  cover  areas  be  an  integral  part 
of  quail  management  plans.  These  patches  are  also  potential  food  sources,  and 
for  this  reason,  many  researchers  have  advocated  protecting  them  from  fire 
(Stoddard  1931;  Rosene  1969;  Sharpe  and  Curtis  1988).  Although  some  fire  ex¬ 
clusion  from  these  areas  is  needed,  periodic  burning  will  maintain  them  at  the 
appropriate  density  for  use  by  the  bobwhite  quail  (Rosene  1969). 

Nesting  activity 

Although  fire  serves  an  important  function  in  the  removal  of  vegetation  to  create 
ideal  brood  habitat  (Hurst  1972),  the  timing  of  fire  is  just  as  critical.  The  most 
important  nesting  months  for  quail  in  the  southeastern  United  States  are  May 
through  August  (Stoddard  1931).  Breeding  activity,  which  starts  with  the  first 
bobwhite  call  in  the  spring  and  ends  with  the  last  hatching  date  in  the  fall, 
would  also  include  April  and  September  (Rosene  1969).  Earlier  nesting  activity 
in  Georgia  and  Florida  in  late  January  or  early  February  has  been  noted  (Rosene 
1969;  Moore  1972;  Campbell  1988),  and  nesting  may  extend  into  October 
(Stoddard  1931;  Landers  and  Mueller  1986;  Campbell  1988).  Peak  nesting  usu¬ 
ally  occurs  in  May  and  June  (Rosene  1969;  Moore  1972;  Simpson  1972a;  Camp¬ 
bell  1988),  but  later  peaks  may  also  occur  in  July  (Rosene  1969;  Devos  1986; 
Landers  and  Mueller  1986).  Campbell  (1988)  noted  peaks  as  late  as  September 
and  mid-October  due  to  drought  conditions  and  late-nesting  birds,  respectively. 
It  should  not  be  forgotten,  too,  that  second  broods  do  occur,  and  thus  in  Missouri, 
the  peak  hatching  date  is  15  August  (Stanford  1972).  In  Alabama,  incubation  of 
second  broods  began  mid-August  or  early  September  with  hatching  occurring  in 
late  September  (Sermons  and  Speake  1987). 
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Due  to  nesting  activity  in  spring  and  summer  months,  winter  or  early  spring 
burning  (before  April)  is  usually  practiced  and  recommended  for  quail  manage¬ 
ment  (Stoddard  1931;  Stoddard  1963;  Rosene  1969;  Moore  1972;  Speake,  Hill, 
and  Carter  1975;  Landers  and  Mueller  1986;  Wade  and  Lunsford  1989).  Six 
months  after  spring  burning  in  Georgia,  and  4  months  after  spring  burning  in 
Florida,  the  regrowth  of  herbaceous  cover  is  apparently  sufficient  for  use  by 
quail.  Harshbarger  and  Simpson  (1970)  found  58  percent  of  late  summer  nests 
(44/76)  in  areas  burned  the  previous  March  or  April,  and  Simpson  (1972b)  re¬ 
ported  that  the  use  of  unbumed  sites  for  nesting  decreased  after  mid-June  while 
the  use  of  burned  sites  for  nesting  increased.  Burning  after  February  has  been 
characterized  not  only  as  hazardous  and  difficult  to  control  (Moore  1972),  but 
also  as  detrimental  to  quail’s  food  supply  (Stoddard  1931;  Rosene  1969).  Slim¬ 
mer  fires  are  more  problematic  because  of  the  risk  of  destruction  of  quail  nests 
and  nesting  sites  (Stoddard  1931;  Rosene  1969;  Wade  and  Lunsford  1989). 
Kruse  and  Piehl  (1986)  found  that  31  percent  of  ground-nesting  bird  nests 
(21/68)  were  destroyed  by  June  fires  and  4  percent  (3/68)  were  deserted  due  to 
the  fires.  Robbins  and  Myers  (1992)  documented  no  deleterious  effects  on  quail 
nest  success  by  summer  fires  in  the  southeast.  A  study  of  quail  nesting  habits  in 
southwest  Georgia  found  that  nest  initiation  peaked  before  16  June  and  ac¬ 
counted  for  56  percent  of  all  nests.  Although  nests  initiated  after  15  June  com¬ 
posed  only  44  percent  of  all  nests,  they  constituted  77  percent  of  successful  nests 
(nests  that  hatched,  Simpson  1972a).  One  may  easily  reach  the  conclusion  that 
a  summer  fire  after  15  June  would  have  detrimental,  possibly  catastrophic,  ef¬ 
fects  in  terms  of  nest  success  on  quail  populations.  Simpson  (1972a)  attributes 
low  nesting  success  of  early-season  nests  to  a  high  incidence  of  predation, 
brought  about  by  a  poorly  planned  spring  bum  that  left  too  little  cover.  Winter 
bums  were  conducted  by  Wilson,  Masters,  and  Bukenhofer  (1995).  This  research 
showed  that  quail  densities  increased  in  the  first  summer  post-bum  though  no 
nesting  numbers  were  included  in  this  research.  Choosing  the  best  season  to 
conduct  a  prescribed  bum  to  avoid  detrimental  effects  on  nesting  is  difficult  to 
determine  from  existing  data,  although  the  importance  of  maintaining  cover  in 
quail  habitat  has  been  verified  (Mueller,  Atkinson,  and  DeVos  1989;  Landers 
and  Mueller  1986). 

The  importance  of  bare  ground  for  quail 

Controlled  burning  serves  not  only  to  maintain  thickets,  but  also  to  create  bare 
patches  of  soil  and  ash.  These  areas,  occurring  in  open  situations  with  sparse 
vegetation,  are  where  dusting  takes  place  (Stoddard  1931;  Rosene  1969).  Dust¬ 
ing  is  a  habit  of  bobwhite  quail  through  which  dust  is  worked  into  the  feathers  to 
keep  them  in  good  condition  and  to  control  lice.  Fire  creates  these  needed  areas. 
Without  fire  the  litter  layer  would  continue  to  build  from  year  to  year  forming  a 
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solid  mat  (Rosene  1969)  and  thus  preventing  dusting.  In  addition,  ashes  from 
old  burned  logs  mixed  with  dirt  appears  to  be  attractive  to  quail  for  dusting 
(Stoddard  1931). 

Woody  food  items  eaten  by  quail 

A  great  variety  of  foods  make  up  the  average  bobwhite  quail  diet  as  illustrated  in 
a  study  that  found  45  prominent  seed  foods  used.  Thirty-three  other  plant  foods 
have  also  been  identified  in  quail  diet  (Landers  and  Johnson  1976).  Important 
woody  species  include  various  oaks,  sumacs,  pines,  and  dogwoods,  as  well  as 
sweet  gum,  black  gum,  black  locust,  sassafras,  black  cherry,  persimmon,  Myrica 
spp,  honeysuckle,  grape,  blackberry,  blueberry,  and  huckleberry  (Landers  and 
Johnson  1976).  Stoddard  (1931)  found  that  fruits  formed  more  than  half  the  to¬ 
tal  food  intake  during  June  and  July.  In  another  study,  blackberries  comprised 
75  percent  of  the  June  diet,  while  black  cherry  was  the  most  important  food  in 
July  (McRae,  Landers,  and  Buckner  1979).  Landers  (1990)  found  blackberry  to 
be  the  most  important  food  item  during  summer  months,  especially  as  a  source 
of  moisture  during  dry  periods.  Fruits  of  sassafras,  dwarf  sumac,  black  cherry, 
and  poison  ivy  were  extensively  used,  even  after  the  fruit  dried  (Stoddard  1931). 
Acorns,  the  preferred  and  most  widely  utilized  fall  food  source  (Sweeney, 
Wenger,  and  Yoho  1981;  Landers  1990),  alone  contributed  the  most  to  the  quail 
diet  in  the  months  of  October,  December,  and  January.  Acorns  in  combination 
with  pine  mast  constituted  over  70  percent  of  the  diet  from  November  through 
January,  and  nearly  60  percent  in  February  and  March  (McRae,  Landers,  and 
Buckner  1979).  Reid  and  Goodrum  (1979)  found  that  longleaf  pine  seeds  consti¬ 
tuted  73  percent  of  the  total  food  intake  for  November.  Red  bay  fruits  are  taken 
from  November  to  February,  although  usage  peaked  in  January  and  February 
(Reid  and  Goodrum  1979).  Oaks  have  served  as  buffer  food  sources  in  times  of 
drought  (McRae,  Landers,  and  Buckner  1979)  and  red  bay  in  times  of  little  to  no 
pine  mast  availability  (Weber  1975).  In  late  winter,  after  preferred  food  sources 
have  become  depleted,  holly,  wax  myrtle,  and  sumac  are  eaten  (Landers  1990). 

Effects  of  fire  on  woody  vegetation 

Fire  affects  important  woody  food  species  differently,  and  the  season  of  fire  may 
have  different  results.  Spring  fires  (April  or  May)  may  be  beneficial  to  longleaf 
pine  by  stimulating  growth  (Grelen  1975;  Boyer  1990),  but  summer  or  autumn 
fires  may  be  detrimental  to  longleaf  pine  by  increasing  mortality  (Grelen  1975; 
Wade  and  Johansen  1986a, b;  Wiese  et  al.  1989;  Boyer  1990;  Robbins  and  Myers 
1992).  In  contrast,  Glitzenstein,  Streng,  and  Platt  (1990)  reported  that  longleaf 
pine  mortality,  growth,  and  recruitment  each  did  not  differ  significantly  between 
plots  burned  in  the  growing  season  (April-August)  and  plots  burned  in  the  dor- 
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mant  season  (October-February).  Glitzenstein,  Platt,  and  Streng  (1995)  gave 
supporting  evidence  that  season  of  bum  does  not  influence  longleaf  pine  popula¬ 
tions.  Brockway  and  Lewis  (1997)  reported  the  lengthiest  study  of  the  effects  of 
fire  on  longleaf  pine.  In  that  study,  longleaf  pine  on  the  southern  Georgia 
Coastal  Plain  were  subjected  to  periodic  bums  over  a  40-year  span.  The  findings 
indicate  that  longleaf  pine  populations  are  maintained  by  periodic  summer  or 
winter  bums. 

Growing  season  fires  may  also  stimulate  growth  and  fruiting  of  dwarf  live  oak 
(Williams  1977a)  and  running  oak  (Williams  1977b).  Brose,  Van  Lear,  and  Coo¬ 
per  (1999)  found  high  intensity  spring  burns  or  medium  intensity  summer  bums 
to  work  best  for  regeneration  and  stocking  of  oaks  when  applied  at  periodic  in¬ 
tervals,  whereas  low  intensity  fires  in  all  seasons  were  shown  to  be  detrimental 
to  oak  densities.  Brose  and  Van  Lear  (1998)  found  that  the  density  of  oaks  was 
positively  influenced  by  both  spring  and  winter  bums,  but  growth  rates  were 
greater  following  winter  burns.  Glitzenstein,  Streng,  and  Platt  (1990)  and 
Glitzenstein,  Platt,  and  Streng  (1995)  found,  however,  that  oak  mortality  was 
significantly  greater  after  spring  bums  (April,  May)  than  bums  in  any  other  sea¬ 
son.  Oak  recruitment  was  not  affected  by  the  season  or  frequency  of  burning, 
but  growth  was  affected  (Glitzenstein,  Streng,  and  Platt  1990).  Annually  burned 
trees  grew  faster  in  the  dormant  season  than  the  growing  season,  while  the  op¬ 
posite  result  was  found  for  biennially  burned  trees  (Glitzenstein,  Streng,  and 
Platt  1990). 

Fire,  in  any  season,  damages  or  decreases  yields  after  the  first  year  of  burning  in 
sweet  gum  (Grelen  1975;  Hooper  1977),  sassafras  (Leonard  1977),  black  gum, 
black  cherry  (Halls  1977c),  blackberry  (Lay  1977),  ground  oak,  chinquapin 
(Stoddard  1963),  gallberry  (Brockway  and  Lewis  1997)  and  live  oak  (Springer 
1977).  Fruiting  by  huckleberry,  running  oak,  dangleberry,  dwarf  blueberry, 
gallberry,  dewberry,  chokeberry  and  blackberry  was  inhibited  the  first  year  after 
prescribed  burning,  but  peaked,  depending  on  species,  2,  3,  or  4  years  after  burn¬ 
ing  (Johnson  and  Landers  1978).  Stoddard  (1963)  also  found  similar  responses 
in  fruiting  behavior  in  huckleberry,  blueberry,  blackberry,  dewberry,  gooseberry, 
and  gallberry,  while  Waldrop,  White,  and  Jones  (1992)  noted  prolific  growth  of 
huckleberry  and  blueberry  after  burning.  Although  burning  injures  the  fruit 
supply  for  the  following  year,  occasional  pruning  of  fruiting  shrubs  by  fire  is 
beneficial  for  fruit  production  2  to  4  years  later  (Stoddard  1962;  Stoddard  1963). 
Annual  burning  is  not  recommended  over  extensive  areas  inhabited  by  quail  due 
to  the  potential  injury  to  the  fruit  supply  (Stoddard  1931;  McRae,  Landers,  and 
Buckner  1979).  Annual  fires  would  likely  result  in  fruits  confined  solely  to  spots 
skipped  by  the  fires  of  previous  years,  and  these  spots  may  be  few  and  far  be¬ 
tween  (Stoddard  1931).  Furthermore,  the  eradication  of  important  woody,  food- 
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bearing  species  is  a  detrimental  practice,  and  even  though  woodlands  must  be 
kept  in  an  open  condition  for  quail,  it  is  important  to  leave  a  few  of  each  kind  of 
fruit  producing  woody  species  (Stoddard  1931;  Weber  1975;  McRae,  Landers,  and 
Buckner  1979;  Sharpe  and  Curtis  1988). 

Herbaceous  food  Items  eaten  by  quail 

Legumes  (Fabaceae)  and  grasses  (Poaceae),  the  herbaceous  components  of  the 
bobwhite  quail  diet,  are  eaten  year-round  by  quail  (McRae,  Landers,  and  Buck¬ 
ner  1979),  but  the  utilization  of  a  species  varies  with  season  and  availability 
(Weber  1975).  Various  studies  report  lespedeza  (Fabaceae),  beggarweed  (Fa¬ 
baceae),  Korean  clover  (Fabaceae),  partridge  peas  (Fabaceae),  milk  peas  (Fa¬ 
baceae),  bush  clovers  (Fabaceae),  Panicum  spp  (Poaceae),  rye  (Poaceae),  millet 
(Poaceae),  com  (Poaceae),  Paspalum  spp  (Poaceae),  and  ragweed  (Asteraceae)  as 
major  food  items  of  the  bobwhite  quail  (Speake  1966;  Hurst  1970;  Weber  1975; 
Landers  and  Johnson  1976;  Reid  and  Goodrum  1979;  Sharpe  and  Curtis  1988; 
Landers  1990).  The  role  legumes  play  in  the  quail’s  diet  is  not  as  important  in 
south  Florida  or  the  western  portion  of  the  bobwhite’s  distribution.  In  Florida, 
slough  grass  and  wax  myrtle  are  major  food  items  (Rosene  1969;  Campbell  1988), 
and  in  the  West,  spurges  (Euphorbiaceae)  and  composites  (Asteraceae)  are  most 
important  (Rosene  1969).  A  study  in  Georgia  of  seasonal  food  usage  by  the  bob- 
white  quail  found  that  green  vegetation  and  legume  seeds  provided  nourishment 
in  April,  with  grass  seeds  becoming  more  important  in  late  spring.  Panic  grass 
was  the  major  food  source  in  May,  and  side-seed  grass  was  an  important  con¬ 
stituent  in  August  and  September  (McRae,  Landers,  and  Buckner  1979).  From 
November  to  February,  lespedezas,  downy  milk  pea,  partridge  peas,  butterfly- 
pea  (Fabaceae),  ragweed,  and  rye  were  heavily  consumed  (Stoddard  1931; 
Speake  1966;  Weber  1975). 

Effects  of  fire  on  herbaceous  food  items 

The  research  of  Brockway  and  Lewis  (1997)  has  shown  that  grasses  exhibit  the 
greatest  overall  benefit  of  a  recurrent  burning  regime.  This  has  historically  been 
a  well-supported  concept  with  similar  findings  from  Garren  (1943);  Wright  and 
Bailey  (1982);  Evans  (1988);  Landers,  Byrd,  and  Komarek  (1990);  Abrahamson 
and  Hartnett  (1990);  and  Waldrop,  White,  and  Jones  (1992).  Fire  has  also  exhib¬ 
ited  benefits  for  other  types  of  herbaceous  vegetation.  Glitzenstein,  Streng,  and 
Platt  (1990)  found  that  flowering  and  fruiting  of  grasses  and  asters  were  signifi¬ 
cantly  enhanced  by  growing  season  bums.  Rosene  (1969)  showed  that  burning 
can  stimulate  seed  germination  of  fire-adapted  plants  (legumes  and  grasses),  al¬ 
though  competition  among  these  plants  may  limit  seed  production  of  individuals 
(Buckner  and  Landers  1979).  Martin  and  Cushwa  (1966)  found  increased  ger- 
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minatinn  with  partridge  pea  in  response  to  moist  heat,  but  Harshbarger,  Per¬ 
kins,  and  Martin  (1975),  who  conducted  a  study  to  determine  if  the  moisture  con¬ 
tent  of  the  fuel  at  the  time  of  burning  would  affect  the  subsequent  density  of  leg¬ 
umes,  reported  no  increase  in  the  number  of  mature  legume  plants  6  months 
after  burning.  In  contrast,  Moore  (1957),  Cushwa  et  al.  (1966),  and  Speake 
(1966)  have  reported  an  increase  in  quail  food  plants,  especially  Lespedeza  spp, 
on  spring  or  winter-burned  areas  relative  to  unbumed  areas.  Grelen  (1975)  re¬ 
ported  a  higher  percentage  of  forbs,  including  partridge  pea,  pencil  flower  (Fa- 
baceae),  and  littleleaf  tickclover  (Fabaceae),  on  July-burned  plots,  relative  to 
March-  or  May-burned  plots.  Landers  (1981)  observed  greater  growth  of  wire- 
grass  after  summer  burning.  Burning  doubled  seed  production  of  sloughgrass  in 
the  flatwoods  of  southwest  Florida  (Moore  1972),  stimulated  growth  and  seeding 
of  legumes  (Stoddard  1931),  and  a  single  fall  bum  significantly  increased  forb 
production  in  the  following  year  (Springer  1977).  The  effect  is,  however,  short 
lived,  and  burning  must  be  frequently  repeated  if  seed  yields  are  to  be  sustained 
(Landers  1981). 

Annual  spring  burning  seems  to  produce  the  most  beneficial  results  on  herba¬ 
ceous  quail  food  plants.  Buckner  and  Landers  (1979)  reported  several  legume 
genera  (annual  and  perennial  partridge  pea,  Galactia,  Centrosema,  Stylosan- 
thes ),  reaching  peak  densities  and  producing  the  greatest  amount  of  seeds  on 
annually  burned  plots  relative  to  plots  with  2-year  and  3-year  bum  rotations. 
Grelen  (1978)  found  greater  herbage  yields  of  grasses,  legumes,  composites,  and 
other  forbs  for  annually  and  biennially  March-burned  plots  than  for  May-burned 
plots  of  comparable  frequencies,  but  reported  no  significant  differences  in  yields 
of  triennially  March-  or  May-burned  plots.  Grelen  (1978)  also  noted  that  May- 
burned  herbage  yields  were  not  significantly  greater  than  yields  of  unbumed 
plots  due  to  the  loss  of  annuals.  McGee,  Leopold,  and  Nyland  (1995)  found  the 
richness  of  forb  species  increased  after  a  spring  bum.  This  was  also  the  finding 
of  Adams  (1984)  who  noted  that  forb  densities  remained  the  same  or  increased  in 
the  first  growing  season  post  bum.  Densities  of  grasses,  legumes,  and  other 
forbs  were  found  to  increase  markedly  after  winter  fires  (Moore,  Swindel,  and 
Teny  1982;  Waldrop,  White,  and  Jones  1992;  Brockway  and  Lewis  1997). 
Cushwa,  Hopkins,  and  McGinnes  (1970)  found,  during  a  study  in  South  Caro¬ 
lina,  an  average  increase  of  460  legume  plants  per  acre  on  spring-burned  areas 
(April,  May)  and  an  average  decrease  of  273  legume  plants  per  acre  on  summer- 
burned  areas  (July,  August).  The  results  were  not  statistically  significant.  Total 
seed  production  of  legumes  was,  however,  significantly  greater  in  summer- 
burned  areas.  Although  the  authors  offer  no  explanation  for  these  results, 
Buckner  and  Landers  (1979)  acknowledge  that  conditions  that  allow  for  peak 
plant  growth  for  some  species  are  not  necessarily  best  for  subsequent  seed  pro¬ 
duction. 
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Invertebrate  food  items  of  quail  diets 

Invertebrates  make  up  the  third  component  of  the  bobwhite  quail  diet.  Insects 
are  consumed  every  month,  but  from  April  to  October,  they  comprised  21.5  per¬ 
cent  of  the  total  food  intake  with  a  peak  in  October  of  37.7  percent  of  total  food 
intake.  The  rest  of  the  year  arthropods  made  up  4.5  percent  of  the  total  food  in¬ 
take  (Stoddard  1931).  Seasonal  variation  of  insect  consumption  occurs  with  hens 
during  the  breeding  season  who  require  a  diet  of  15  percent  protein  for  an  opti¬ 
mum  hatch  (Nestler  et  al.  1944).  Also,  young  quail  have  larger  protein  require¬ 
ments  than  adults  (Stoddard  1931;  Rosene  1969),  with  1-week  old  chicks  needing 
more  animal  matter  than  older  chicks  (Hurst  1970;  Hurst  1972).  Stoddard 
(1931)  found  the  average  animal  matter  intake  for  20  chicks  less  than  2  weeks  of 
age  as  83.7  percent  total  food  intake,  while  that  of  adults  during  the  same  time 
period  was  22  percent  total  food  intake.  Favorite  foods  of  quail  chicks  include 
beetles  (Coleoptera),  ants  (Formicidae),  true  bugs  (Hemiptera),  spiders  (Ara- 
neida),  leaf  hoppers  (Homoptera),  grasshoppers  (Orthoptera),  flies  (Diptera)  and 
all  larval  forms  (Hurst  1970;  Hurst  1972). 

Effects  of  fire  on  invertebrates 

The  immediate  effects  of  fire  on  arthropods  were  revealed  by  Rice  (1932)  who 
noted  that  few  individuals  survived,  and  those  that  did  were  located  at  the  bases 
of  bunch  grasses.  Since  that  study,  additional  research  shows  that  fire  actually 
has  little  lasting  negative  effect  and  often  many  positive  effects  on  arthropods. 
Hurst  (1970  and  1972)  conducted  surveys  5  to  7  months  after  burning  and  re¬ 
ported  significantly  greater  arthropod  density  and  biomass  on  burned  areas  than 
unbumed  sites  due  to  the  increased  food  supply  in  the  form  of  more  luxuriant 
and  succulent  plant  growth.  Hurst  (1972)  also  noted  that  the  herbivorous  types 
of  insects  (beetles,  true  bugs,  leafhoppers,  grasshoppers,  ants)  increased  in 
burned  areas,  and  that  these  same  types  are  important  quail  chick  foods. 
Stoddard  (1963)  thought  that  burning  made  insects  more  available  to  quail  by 
clearing  out  “rough”  areas,  thus  yielding  the  habitat  more  open  for  chick  move¬ 
ment. 

The  response  of  harvester  ants  to  fire  has  been  the  subject  of  some  recent  stud¬ 
ies.  These  studies  found  that  fires  did  not  significantly  affect  the  numbers  of 
ants  (McCoy  and  Kaiser  1990;  Zimmer  and  Parmenter  1998),  especially  those 
fires  that  occurred  mid-day  when  ants  are  normally  not  as  active  aboveground 
(Zimmer  and  Parmenter  1998).  If  some  foragers  were  killed  by  fire,  the  effects 
would  be  short  term  as  nest  workers  would  take  over  foraging  duties  (Gordon 
1986)  and  would  do  so  rapidly  enough  to  make  the  situation  only  temporary 
(Porter  and  Jorgensen  1981).  Zimmer  and  Parmenter  (1998)  further  found  that 
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the  ants  gathered  the  same  kinds  and  amounts  of  seeds  in  burned  areas  as  un- 
bumed  areas  and  had  the  added  benefit  of  harvesting  the  carcasses  of  other  in¬ 
sects  that  were  killed  by  the  fire.  McCoy  and  Kaiser  (1990)  attribute  this  equal 
foraging  success  to  the  somewhat  greater  foraging  areas  of  ants  in  the  burned 
areas,  but  agreed  that  much  of  the  potential  food  resources  of  the  ants  were  able 
to  survive  a  fire. 

In  a  survey  of  grasshopper  species,  Evans  (1988)  determined  that  the  number  of 
grass-feeding  species  declined  with  decreasing  frequency  of  fire  while  the  oppo¬ 
site  was  true  for  forb  feeders,  giving  the  overall  effect  of  no  change  in  species 
abundance  or  richness.  Pyle  and  Crawford  (1996)  further  determined  that  burn¬ 
ing  had  no  effect  on  June  beetle  or  darkling  beetle  species  populations.  Fire  has 
the  effect  of  drawing  in  potential  food  sources  in  the  form  of  pyrophilous  arthro¬ 
pods.  In  their  review  of  literature,  McCullough,  Werner,  and  Neumann  (1998) 
pointed  out  the  work  of  Evans  (1972)  and  Holliday  (1984)  in  identifying  or  ob¬ 
serving  up  to  three  species  of  carabid  beetle,  and  Kayll  (1968)  in  observing  sev¬ 
eral  spider  species,  all  of  which  migrate  to  recently  burned  environments.  One  of 
the  most  prolonged  studies  of  the  effects  of  fire  on  arthropods  was  conducted  over 
a  30-year  period  by  Siemann,  Haarstad,  and  Tilman  (1997).  They  found  no  sig¬ 
nificant  changes  in  either  abundance  or  richness  of  arthropods,  yet  did  find  a 
definite  shift  in  species  composition,  implying  the  role  of  fire  in  deciding  locally 
dominant  species.  A  look  at  the  taxonomic  orders  most  affected  revealed  that 
densities  of  Diptera  and  Homoptera  fell  in  correlation  with  increased  bum  fre¬ 
quency,  while  densities  of  Hemiptera  increased  (Siemann,  Haarstad,  and  Tilman 
1997).  Although  it  is  well  established  that  fire  will  cause  the  direct  mortality  of 
some  arthropods  (Gillon  1971;  Lyon  et  al.  1978;  Martin  and  Mitchell  1980; 
Mitchell  1990;  Fay  and  Samenus  1993),  it  is  also  apparent  that  many  of  these 
organisms  are  adapted  to  occasional  fires  (Evans  1984;  Anderson,  Leahy,  and 
Dhillon  1989;  Siemann,  Haarstad,  and  Tilman  1997). 


Conclusion 

Recommendations  to  create  viable  quail  habitat  all  have  the  same  goal:  high 
habitat  diversity  distributed  in  a  mosaic  pattern.  Typically  this  requires  reduced 
hardwood  understory.  An  increase  in  herbaceous  plant  diversity  and  seed  pro¬ 
duction  is  required,  and  cover,  in  the  form  of  thickets  for  escape,  nesting,  and 
roosting  sites,  must  be  provided  (Sharpe  and  Curtis  1988). 

Used  properly,  prescribed  burning  can  render  the  desired  mosaic  that  forms 
ideal  quail  habitat;  however,  there  are  no  clear,  hard,  or  fast  rules  about  the  sea¬ 
son  or  periodicity  in  which  fire  should  occur  to  accomplish  this.  The  effects  of 
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various  prescribed  burnings  depends  upon  the  frequency  of  burning,  the  extent 
of  burning,  the  location  of  a  burn  on  a  large  scale  (e.g.,  Sandhills,  Flatwoods, 
Alabama  blacklands,  Tallahassee  redhills,  the  Piedmont)  or  on  a  small  scale 
(topography,  amount  of  fuel  and  its  combustibility,  age  and  condition  of  the 
woods),  and  the  weather  conditions  at  the  time  of  a  bum,  including  wind 
direction  and  velocity,  humidity,  and  temperature.  Summer  burning  for  quail  is 
generally  (Moore  1957),  and  only  (Rosene  1969),  recommended  to  recover  an  area 
with  either  thick,  dense  understory  or  large  hardwoods  that  cannot  be  controlled 
by  annual  fall  or  winter  burning.  Once  the  area  is  recovered,  or  if  the  area  is  al¬ 
ready  favorable  to  bobwhite  quail,  fall,  winter,  or  early  spring  burning  is  advised 
to  maintain  the  habitat  (Moore  1957;  Hurst  1972;  Moore  1972;  Speake,  Hill,  and 
Carter  1975;  Landers  and  Mueller  1986;  Campbell  1988;  Wade  and  Lunsford 
1989).  Burning  after  the  nesting  season  has  begun  should  be  avoided  due  to  its 
potential  deleterious  effects  on  quail  nests,  chicks,  and  food  sources;  however, 
the  long-term  effects  of  growing  season  bums  on  quail  populations  are  unknown 
(Bobbins  and  Myers  1992).  Independent  of  the  season  of  burning  or  its  periodic¬ 
ity,  thickets  need  to  be  protected  from  fire,  but  burned  periodically,  to  restrict 
their  growth  and  sustain  them  at  a  density  sufficiently  open  at  the  birds’  level 
for  them  to  rim  freely. 
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3  Eastern  Wild  Turkey  ( Meleagris 
gallopavo  silvestris  Vieillot) 

Introduction 

Quality  wild  turkey  habitat  has  been  characterized  as  having  open  (park-like) 
and  highly  diversified  forests  (Stoddard  1963;  Holbrook  and  Lewis  1967;  Little 
1980;  Schroeder  1985;  Gustafson,  Parker,  and  Ba!cks  1994)  with  well-distributed 
patches  of  cover  (Stoddard  1963;  Schorger  1966;  Lindzey  1967;  Hurst  1981a; 
Sisson  et  al.  1990),  clearings  (Latham  1939;  Mosby  and  Handley  1943;  Wheeler 
1948;  Schorger  1966;  Holbrook  and  Lewis  1967;  Badyaev  1995),  and  water 
sources  (Latham  1939;  Mosby  and  Handley  1943;  Wheeler  1948;  Bailey,  Uhlig, 
and  Breiding  1951;  Schorger  1966;  Korschgen  1967).  The  habitats  should  be 
relatively  free  from  human  disturbance  to  avoid  a  high  incidence  of  nest  deser¬ 
tion  (Wheeler  1948;  Stoddard  1963;  Schorger  1966;  Williams  1981;  Exum  et  al. 
1987;  Williams  and  Austin  1988;  Badyaev  and  Faust  1996;  Badyaev,  Martin,  and 
Etges  1996)  or  nest  depredation  (Dickson,  Adams,  and  Hanley  1978),  and  should 
be  of  adequate  size  to  meet  food,  cover,  and  water  needs  of  wild  turkeys  (Wheeler 
1948;  Holbrook  and  Lewis  1967;  Smith  and  Teitelbaum  1986;  Gustafson,  Parker 
and  Backs  1994;  Badyaev  1995;  Badyaev,  Etges,  and  Martin  1996;  Badyaev  and 
Faust  1996;  Badyaev,  Martin,  and  Etges  1996).  Open  woodlands  with  little  un¬ 
derstory  provide  turkeys  with  the  opportunity  to  take  full  advantage  of  their 
keen  eyesight  (Latham  1939;  Stoddard  1963;  Holbrook  and  Lewis  1967),  and  do 
not  obstruct  a  speedy  escape  if  needed  (Schorger  1966).  Pure  pine  stands  with  a 
closed  canopy  and  closely  spaced  trees  are  reportedly  of  little  use  to  turkeys 
(Mosby  and  Handley  1943;  Badyaev  1995).  Bailey,  Uhlig,  and  Breiding  (1951) 
reported  that  turkeys  avoided  areas  with  dense  understories,  unless  they  became 
alarmed  by  predators.  This  habitat  preference  is  somewhat  different  for  nesting 
females  who  choose  nesting  sites  with  few  trees  but  lush  herbaceous  vegetation 
in  the  understory  and  a  patchy  midstory  within  the  open  woodlands  habitat 
(Badyaev  1995).  The  forest  openings  allow  growth  of  important  forbs  and 
grasses,  support  an  abundance  of  insects,  provide  breeding  grounds  and  brood 
habitat,  and  are  used  for  nesting,  loafing,  and  dusting  (Wheeler  1948;  Bailey, 
Uhlig,  and  Breiding  1951;  Schorger  1966;  Holbrook  and  Lewis  1967;  Badyaev 
1995).  The  need  for  water  is  not  well  understood.  Wheeler  (1948)  and 
Korschgen  (1967)  noted  that  turkeys  commonly  drink  water  after  alighting  from 
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the  roost  site,  while  Mosby  and  Handley  (1943)  suggested  that  water  sites  pro¬ 
vide  protection  from  predators. 

High  habitat  diversity  in  wild  turkey  range  is  recommended  (Wheeler  1948; 
Schorger  1966;  Speak,  Hill,  and  Carter  1975;  Speake  et  al.  1975;  Healy  1981; 
Lutz  and  Crawford  1987;  Seiss,  Phalen,  and  Hurst  1990;  Still  and  Baumann 
1990;  Lewis,  J.B.  1992;  Badyaev  1995),  but  others  (Powell  1967;  Dickson,  Adams, 
and  Hanley  1978)  have  noted  high  turkey  populations  in  areas  with  little  habitat 
diversity.  Bailey  et  al.  (1981)  stated  that  although  turkeys  are  adaptable  and 
capable  of  surviving  in  various  sizes  of  habitat  and  vegetation  types,  ranging 
from  nearly  pure  pine  to  predominantly  grassland,  a  diverse  habitat  provides 
optimum  conditions.  To  achieve  such  a  diversified  quality  environment  for  wild 
turkeys  in  the  southeastern  United  States,  researchers  have  advocated  pre¬ 
scribed  burning  (Stoddard  1935,  1963;  Holbrook  1973;  Mobley  1982;  Sisson  et  al. 
1990). 


Direct  Effects  of  Fire  on  Turkey  Populations 

As  with  bobwhite  quail,  fire  affects  wild  turkeys  both  directly  and  indirectly.  Di¬ 
rect  effects  include  the  potential  for  fire  to  destroy  nests,  eggs,  and  poults. 
Stoddard  (1935)  and  Sisson  (1991)  argue  that  spring  or  summer  fires  may  be 
detrimental  to  turkey  populations  by  way  of  destroying  nests.  However,  their 
statements  lack  support  from  data  and  no  other  definitive  studies  exist.  Other 
references  of  the  effects  of  fire  on  turkey  populations  include  Stoddard  (1963;  as 
cited  by  Hurst  1981b),  who  reported  turkey  densities  of  1  per  10  hectares  on 
game  preserves  that  used  prescribed  burning,  and  Dickson,  Adams,  and  Hanley 
(1978),  who  stated  that  burning  appeared  to  have  no  effect  on  turkey  popula¬ 
tions.  Nevertheless,  these  references  are  unreliable  because  no  details  of  the 
methods  used  are  given  in  either  study.  Greater  densities  of  wild  turkey  were 
seen,  however,  in  stands  that  were  treated  to  understory  clearing  and  prescribed 
dormant  season  burning  by  Wilson,  Masters,  and  Bukenhofer  (1995).  Additional 
and  more  articulate  studies  of  the  effects  of  fire,  in  any  season,  on  turkey  popula¬ 
tions  are  needed. 


Indirect  Effects  of  Fire  on  Turkey  Populations 

Fire  affects  turkey  habitat,  thereby  indirectly  affecting  turkey  populations 
Davidson,  Siefken,  and  Creekmore  (1994)  demonstrated  the  use  of  fire  to  control 
ectoparasites  in  surrounding  vegetation,  but  the  effects  of  fire  on  endoparasites 
and  pathogens  are  unknown  (Hurst  1981b).  Fire  also  controls  understory  plant 
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density,  promotes  the  growth  of  desired  herbaceous  cover,  attracts  insects  with 
new  vegetative  growth,  and  decreases  litter  accumulations.  Despite  the  signifi¬ 
cant  changes  in  the  environment  that  occur  as  a  result  of  fire,  how  the  resulting 
altered  habitat  affects  turkey  numbers  is  virtually  unknown.  In  Louisiana,  an¬ 
nual  binning  appeared  not  to  have  any  impact  on  turkey  populations  (Dickson, 
Adams,  and  Hanley  1978),  while  turkey  densities  increased  on  forested  lands  in 
Arkansas,  North  Carolina,  and  Florida  with  triennial,  dormant  season  bums 
(Wilson,  Masters,  and  Bukenhofer  1995). 


Ectoparasites  and  Fire’s  Effects 

Wild  turkeys  frequently  have  ectoparasites  (Prestwood  1973)  with  poults  having 
a  greater  variety  than  adult  turkeys  (Kellogg  et  al.  1969).  Rogers  (1955)  was 
one  of  the  first  to  report  that  prescribed  burning  could  be  used  to  control  tick 
abundance.  He  found  adult  black-legged  ticks  were  significantly  less  widespread 
in  1-  and  2-year  old  roughs  than  in  areas  that  had  not  been  burned  for  14  years. 
Two  annual  bums  in  Georgia  significantly  reduced  larval  and  adult  lone  star 
tick  populations  (Siefken  1991).  Jacobson  and  Hurst  (1979)  found  that  poults 
foraging  on  plots  burned  3  months  previously  had  significantly  less  prevalence  of 
nymphal  lone  star  ticks  than  did  poults  that  foraged  on  plots  unbumed  for  4 
years.  More  specifically,  35.1  percent  (20/57)  of  poults  on  unbumed  plots  were 
infested  with  ticks,  whereas  1.6  percent  (1/59)  of  poults  on  burned  plots  were  in¬ 
fested.  A  study  in  Oklahoma  found  that  a  bum  in  June  reduced  adult  lone  star 
tick  abundance  in  the  leaf  litter  layer,  but  if  ticks  were  in  the  lower  duff  layer  or 
in  the  soil  itself,  they  were  likely  to  survive  the  bum  (Hoch  et  al.  1972).  David¬ 
son,  Siefken,  and  Creekmore  (1994)  reported  similar  results  when  a  substantial 
proportion  of  a  tick  population  in  Georgia  survived  an  initial  bum;  but  larval, 
nymphal,  and  adult  stages  of  lone  star  ticks  were  significantly  reduced  when  an¬ 
nual  and  biennial  burning  were  conducted  consecutively  for  4  years. 

Note  that  these  studies  represent  only  the  short-term  effects  of  fire  on  ectopara¬ 
sites.  Rogers  (1955)  found  that  tick  abundance  on  burned  and  unbumed  plots 
was  comparable  after  3  years  without  fire.  In  conducting  biennial  bums,  Siefken 
(1991)  and  Davidson,  Siefken,  and  Creekmore  (1994)  found  that  tick  abundance 
was  reduced  significantly  the  year  of  the  bum,  while  in  the  year  burning  was 
omitted,  the  abundance  of  larval  lone  star  ticks  was  equal  on  biumed  and  un¬ 
bumed  plots.  Davidson,  Siefken,  and  Creekmore  (1994)  concluded  that  annual 
winter  burning,  or  burning  later  in  the  spring  or  summer  (after  March)  when 
more  of  the  tick  population  is  active,  could  be  an  effective  tool  for  the  control  of 
ectoparasites.  Accordingly,  Mather,  Duffy,  and  Campbell  (1993)  concluded  that 
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burning  for  several  years,  having  a  hot  fire,  or  burning  after  April  may  be  a  more 
effective  way  to  control  ectoparasites. 


Understory  Vegetation 
Predation 

Researchers  agree  on  the  importance  of  providing  cover  for  protection  from 
predators  (Hurst  1981a;  Bailey,  Uhlig,  and  Breiding  1951;  Robbins  and  Myers 
1992).  Escape  cover  for  adult  turkeys  and  poults  may  be  in  the  form  of  thickets, 
forests,  or  dense  grassy  fields  (Hurst  1981a).  Turkey  abundance  in  different 
habitats  may  depend  partly  on  the  degree  of  protection  from  predators  provided 
in  each  habitat.  Brood  habitat  of  hens  who  successfully  raised  a  brood,  compared 
to  hens  who  did  not  successfully  raise  a  brood,  had  less  basal  area  per  hectare, 
greater  herbaceous  plant  height,  and  were  closer  to  roads,  clearings,  and  water 
sources  (Metzler  and  Speake  1985;  Badyaev  1995).  Similar  habitat  structure  is 
seen  in  association  with  higher  nest  site  fidelity  (Badyaev  and  Faust  1996)  and  a 
lower  probability  of  nest  depredation  (Badyaev  1995).  Bowman  and  Harris 
(1980)  showed  highly  heterogeneous  habitats  to  be  less  likely  to  suffer  nest  dep¬ 
redation  than  habitats  low  in  heterogeneity.  Williams  and  Austin  (1988)  also 
reported  less  predation  in  heterogeneous  habitats  than  in  the  homogeneous 
habitats  of  palmetto  or  cypress  woods.  A  dense  understory  can  provide  conceal¬ 
ment  for  birds  traveling  from  one  habitat  patch  to  another  (Smith  and  Teitel- 
baum  1986).  Mosby  and  Handley  (1943)  rarely  observed  turkeys  in  large  forest 
openings,  and  Williams  and  Austin  (1988)  noticed  that  turkeys  seldom  used 
grassy  areas,  provided  food  was  present  under  forest  cover.  Furthermore,  open 
areas  are  thought  to  act  as  deterrents  for  turkey  in  moving  between  habitat 
patches  (Lewis,  J.C.  1964;  Rayboume  1968;  Schroeder  1985;  Gustafson  and 
Parker  1994). 

Roosting 

Understory  cover  in  wild  turkey  habitat  is  also  important  for  the  critical  role  it 
plays  in  poult  survival  (Sisson  1991).  For  the  first  2  weeks  of  life,  poults  spend 
their  nights  in  dense  ground  cover.  When  they  are  able  to  fly  well,  poults  may 
roost  in  trees  with  the  hens  (Schorger  1966;  Williams  et  al.  1973;  Williams  1981). 
Roosting  sites  in  Florida  were  often  located  at  the  base  of  a  tree,  stump,  or  cy¬ 
press  knee,  under  or  near  the  cypress  canopy  (Williams  et  al.  1973;  Williams 
1981).  In  Georgia,  broods  roosted  in  pond  pine,  red  bay,  recently  burned  saw 
palmetto,  or  on  the  edge  of  grassy  openings  in  pine  forests  (Hon  et  al.  1978).  Oc¬ 
casionally,  broods  roosted  in  dense  clumps  of  herbaceous  vegetation  (Williams  et 
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al.  1973),  or  in  fairly  open  cover  (Williams  1981).  During  periods  of  flooding, 
broods  roosted  in  saw  palmetto  in  an  ecotone  between  a  grazed  glade  and  oak 
scrub  habitat  (Williams  et  al.  1973). 

Effects  of  fire  on  understory  vegetation 

Researchers  have  encouraged  the  use  of  fire  to  control  understory  hardwoods  in 
the  southeastern  United  States  (Ferguson  1961;  Brender  and  Copper  1968; 
Grano  1970).  Long-term  effects  of  various  burning  regimes  indicate  that  annual 
summer  burning  is  most  effective  at  eradicating  small-stemmed  hardwoods, 
while  annual  winter,  periodic  winter,  and  periodic  summer  bums  generally  re¬ 
sult  in  an  increase  in  understory  stem  density  (Lotti,  Klawitter,  and  LeGrande 
1960;  Langdon  1981).  Early  growing  season  fires  were  found  to  be  detrimental 
to  the  survival  of  hardwood  species,  especially  those  fires  occurring  more  fre¬ 
quently  (Glitzenstein,  Platt,  and  Streng  1995)  or  just  after  leaf  expansion  (Wade 
and  Johansen  1986a,  b;  Wiese  et  al.  1989;  Robbins  and  Myers  1992).  Waldrop  et 
al.  (1987)  found  that  the  aboveground  portions  of  hardwood  species  less  than  5 
cm  dbh  will  not  survive  most  fires.  The  root  systems  of  these  hardwoods,  how¬ 
ever,  will  survive  and  will  undergo  post-bum  sprouting.  More  recent  studies 
have  shown  that  many  hardwood  species  are  either  not  affected  or  may  benefit 
from  periodic  fire  (Lewis,  Tanner,  and  Terry  1988;  McGee,  Leopold,  and  Nyland 
1995)  in  any  season  (Brose,  Van  Lear,  and  Cooper  1999).  A  14-year  study  in  Ar¬ 
kansas  has  indicated  more  effective  control  of  hardwoods  with  bums  of  greater 
frequency.  That  study  showed  equal  understory  control  with  both  annual  and 
biennial  summer  bums  with  annual  bums  achieving  the  results  faster  (Grano 
1970).  Grano  (1970)  also  reported  prolific  sprouting  of  hardwoods  for  the  first 
year  after  annual  or  biennial  summer  burning  with  stem  density  decreasing 
thereafter. 

Management  recommendations  for  understory  vegetation 

All  fires,  regardless  of  season,  temporarily  reduce  cover  used  for  predator  protec¬ 
tion  and  roosting  (Stoddard  1963).  Fires  in  spring  and  early  summer  tend  to 
bum  completely,  which  kills  hardwood  stems  and  significantly  diminishes  woody 
cover  (Ferguson  1957;  Ferguson  1961;  Brender  and  Copper  1968;  Boyer  1990; 
Glitzenstein,  Platt,  and  Streng  1995).  Ambient  factors  in  spring  and  summer 
often  create  pyre  that  is  drier  and  will  bum  more  intensely  (Chen  and  Gerber 
1990),  causing  the  greater  mortality  (Glitzenstein,  Platt,  and  Streng  1995). 
Burning  during  winter,  the  dormant  season,  reduces  cover  until  new  growth  oc¬ 
curs  in  spring  (Robbins  and  Myers  1992),  and  may  expose  birds  to  increased  pre¬ 
dation  (Mueller,  Atkinson,  and  DeVos  1989).  However,  Wilson,  Masters,  and 
Bukenhofer  (1995),  found  an  increased  incidence  of  turkey  in  habitats  treated 
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with  dormant-season  fires.  Although  the  detrimental  effects  of  burning  during 
various  seasons  on  the  amount  of  cover  accessible  to  turkey  may  seem  to  leave  no 
available  option,  the  natural  compromise  to  reduce  negative  effects  is  to  conduct 
patchy  bums  (Robbins  and  Myers  1992).  Thick  vegetative  cover  and  heterogene¬ 
ous  habitat  structure  may  increase  appropriate  turkey  nesting  sites  and  help  the 
turkey  avoid  predation  (Bowman  and  Harris  1980;  Martin  and  Roper  1988;  Mar¬ 
tin  1988,  1993;  Clark  and  Nudds  1991;  Knopf  and  Sedgwick  1992;  Riley  et  al. 
1992;  Steele  1993;  Gregg  et  al.  1994;  Badyaev  1995;  Badyaev,  Martin,  and  Etges 
1996).  Since  turkey  begin  their  dispersal  and  continue  with  nesting  from  March 
to  June  (Badyaev  and  Faust  1996),  any  binning,  even  patchy  bums,  would  not 
be  recommended  dining  this  period. 

Nest  site  selection 

Hardwood  stems,  fallen  logs,  shrubs,  and  vines  not  only  provide  escape  cover, 
but  also  preferred  nesting  sites  (Mosby  and  Handley  1943;  Stoddard  1963;  Healy 
1981;  Hurst  1981a;  Williams  1981;  Exum  et  al.  1987;  Ransom,  Rongstad,  and 
Rusch,  1987;  Lutz  and  Crawford  1987;  Schmutz,  Braun,  and  Andelt  1989;  Seiss, 
Phalen,  and  Hurst  1990;  Day,  Flake,  and  Tucker  1991;  Rumble  and  Hodorff 
1993;  Badyaev  1995).  Pines,  sweet  gum  trees,  blackberry,  gallberry,  blueberry, 
huckleberry,  greenbrier,  honeysuckle,  red  bay,  live  oak,  yaupon,  wax  myrtle, 
muscadine,  broomsedge,  plumegrass,  and  braken  fem  are  common  plants  at  nest 
sites  in  Georgia  and  Alabama  (Hillstead  1973;  Hon  et  al.  1978;  Sisson  et  al. 
1990).  In  Florida,  cypress  woods,  saw  palmetto  ecotones,  wiregrass,  and  wax 
myrtle  thickets  were  favored  vegetation  (Williams  et  al.  1969,  Williams  and  Aus¬ 
tin  1988).  Vegetation  at  the  nest  site  is  such  that  nests  are  well  concealed,  but 
the  area  immediately  around  the  site  is  open  and  provides  the  hens  with  a  wide 
field  of  view  and  quick  mobility  (Hillestad  and  Speake  1971;  Healy  1981;  Exum 
et  al.  1987;  Badyaev  1995).  Mosby  and  Handley  (1943),  Wheeler  (1948), 
Hillestad  (1973),  Speake,  Hill,  and  Carter  (1975),  Hon  et  al.  (1978),  and  Badyaev 
(1995)  reported  nest  sites  in  or  near  edges  of  openings  ranging  from  roads,  log¬ 
ging  trails,  and  firebreaks  to  abandoned  fields  or  forest  clearings.  These  clear¬ 
ings  facilitate  movement  for  hens  to  and  from  nests,  while  perhaps  curtailing  the 
noise  of  movement  through  the  understory  (Badyaev  1995).  Still  and  Baumann 
(1990)  observed  hens  nesting  near  logging  roads  and  skid  trails.  However,  few 
nesting  sites  were  located  near  rock,  dirt,  or  paved  roads  open  to  vehicular  traf¬ 
fic.  Other  nest  site  characteristics  include  a  nearby  water  source  (Wheeler  1948; 
Korschgen  1967;  Williams,  Austin,  and  Peoples  1976, 1980;  Healy  1981;  Badyaev 
1995),  proximity  to  the  base  of  a  tree,  shrub  or  other  vertical  object  (Mosby  and 
Handley  1943;  Wheeler  1948;  Healy  1981;  Williams  1981;  Badyaev  1995),  and 
areas  of  bare  ground  in  the  vicinity  (Williams  and  Austin  1988).  Availability  of 
nearby  dried  plant  material  may  also  be  a  factor  in  nest  site  selection;  research- 
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ers  (Hillestad  1973;  Williams  1981;  Williams  and  Austin  1988)  have  noted  hens 
covering  recently  laid  eggs  with  vegetation  and  dried  plant  material  is  thought  to 
function  as  camouflage  for  the  nest  (Williams  and  Austin  1988).  Despite  well- 
defined  nest  site  characteristics,  Williams  and  Austin  (1988)  regarded  nesting 
habitat  preferences  as  being  weak  because  turkey  nest  sites  changed  freely  from 
one  habitat  to  another,  for  either  renesting  the  same  year  or  nesting  between 
years. 

Effects  of  fire  on  turkey  nest  site  selection 

The  effects  of  fire  on  wild  turkey  nest  site  selection  have  only  recently  been  stud¬ 
ied.  In  general,  data  indicates  that  fire  plays  a  critical  role  in  creating  or  main¬ 
taining  habitats  suitable  for  nesting  by  controlling  the  density  of  understory 
vegetation  and  removing  litter  to  produce  areas  of  bare  ground.  Smith  et  al. 
(1990)  found  that  hens  nested  on  loblolly  pine  plantations  that  had  been  thinned 
and  burned  within  the  past  6  years.  For  nesting,  hens  equally  used  mature  pine 
stands  unbumed  for  1  to  6  years  (Seiss,  Phalen,  and  Hurst  1990).  In  Georgia, 
pine  uplands  left  unbumed  for  1  to  3  years  was  the  preferred  nesting  habitat 
(Sisson  et  al.  1990). 

Unbumed  roughs  surrounded  by  burned  pinewoods  are  ideal  for  nesting  hens 
(Sisson  1991).  Still  and  Baumann  (1990)  found  that  69  percent  of  nests  (20/29) 
were  in  pine  stands  that  had  been  burned  within  the  past  2  years,  but  the  major¬ 
ity  of  these  nests  were  in  vegetation  that  had  not  burned  due  to  dampness  or  to¬ 
pography.  Exum  et  al.  (1987)  reported  that  89  percent  of  nests  (33/37)  were  on 
sites  never  burned  or  unbumed  for  3  to  4  years.  Hon  et  al.  (1978)  concluded  that 
the  presence  of  burned  areas  is  an  important  consideration  for  nest  site  selection 
in  habitats  dominated  by  saw  palmetto  because  9  out  of  16  nests  in  that  commu¬ 
nity  were  near  areas  burned  the  preceding  winter.  Of  the  16  nests,  4  were  in 
small  unbumed  clumps  of  vegetation  surrounded  by  freshly  burned  areas,  5 
were  within  38  m  of  newly  burned  vegetation,  while  the  remaining  7  nests  were 
located  in  areas  burned  1  year  prior  to  nesting.  Burned  and  regenerated  red  bay 
and  wax  myrtle  clumps  were  used  for  nest  concealment  by  6  of  the  16  nesting 
hens  in  Hon  et  al.  (1978).  Also,  Sisson  et  al.  (1990)  reported  that  61  percent  of 
nests  (14/23)  were  in  vegetation  that  had  been  burned  within  the  past  2  years. 
Although  some  fire  exclusion  is  needed,  periodic  burning  of  cover  may  prove 
beneficial. 

Nesting  activity 

Coordinating  fire  regimes  and  nesting  activity  is  critical  to  wild  turkey  manage¬ 
ment.  Regional  variations  in  the  onset  of  breeding  occur,  with  southern  areas 
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having  an  earlier  breeding  season  than  northern  counterparts  (Williams  1981). 
In  general  though,  the  important  months  of  nesting  activity  by  wild  turkeys  in 
the  southeastern  United  States  are  April,  May,  and  June  (Badyaev  and  Faust 
1996).  Earlier  breeding  and  nesting  activity  can  occur  with  mild  weather 
(Wheeler  1948;  Bailey  and  Rinell  1967),  and  was  noted  in  March  for  Virginia  and 
Florida  (Mosby  and  Handley  1943;  Bailey  and  Rinell  1967).  Nesting  and  hatch¬ 
ing  can  extend  to  the  end  of  July  for  late  first  broods  or  hatching  of  second  broods 
(Williams  and  Austin  1988;  Still  and  Baumann  1990;  Sisson  et  al.  1991).  Hatch¬ 
ing  dates  range  from  March  through  July  (Bailey  and  Rinell  1967;  Hon  et  al. 
1978;  Williams  and  Austin  1988;  Still  and  Baumann  1990)  with  peak  hatching 
occurring  in  May  and  June  (Mosby  and  Handley  1943;  Wheeler  1948;  Williams  et 
al.  1969;  Sisson  et  al.  1991).  Williams,  Austin,  and  Peoples  (1976),  reported  re¬ 
nesting  for  the  second,  third,  and  fourth  times,  but  knowledge  of  the  dates  of  ac¬ 
tivity  is  limited.  Reported  dates  of  renesting  activity  range  from  May  through 
the  end  of  July  (Exum  et  al.  1987,  Williams  and  Austin  1988,  Sisson  1991,  Sisson 
et  al.  1991). 

Effects  of  fire  on  nesting  activity 

The  effects  of  prescribed  burning  on  ground-nesting  bird  populations,  specifically 
the  wild  turkey,  depend  on  the  extent  of  destruction  of  nests  in  progress,  the  rate 
of  renesting,  and  the  size  and  frequency  of  burning  (Robbins  and  Myers  1992). 
Renesting  attempts  by  hens  occur  more  often  than  previously  thought  (Williams, 
Austin,  and  Peoples  1980),  but  depend  on  how  far  nesting  has  progressed  at  the 
time  of  disturbance  (i.e.,  predation,  flushing  hen  from  nest,  fire).  Williams,  Aus¬ 
tin,  and  Peoples  (1976)  first  noted  a  greater  frequency  of  renesting  after  disrup¬ 
tion  during  the  laying  period  than  during  the  incubation  period.  Williams,  Aus¬ 
tin,  and  Peoples  (1980)  later  reported  the  same  result.  This  phenomenon  has 
been  confirmed  by  Williams  and  Austin  (1988)  who  reported  that  67  percent  of 
hens  (17/30)  renested  when  disrupted  during  the  laying  period,  whereas  only  28 
percent  of  hens  (26/93)  renested  after  disruption  during  incubation.  No  hens  re¬ 
nested  after  18  days  of  incubation.  Thus,  it  appears  that  a  disturbance  to  nest¬ 
ing  hens  late  in  the  incubation  period,  from  late  April  to  early  June,  would  be 
most  detrimental  to  turkeys  (Robbins  and  Myers  1992).  Badyaev,  Martin,  and 
Etges  (1996)  noted  that  renesting  interval  length  (averaging  16  days)  was  posi¬ 
tively  correlated  to  length  of  survival  of  the  first  nest  with  1  hen  renesting  40 
days  after  predation  of  her  first  nest.  They  also  found  a  negative  correlation 
with  the  length  of  the  first  nest  survival  to  the  distance  moved  to  a  renesting  site 
and  the  amount  of  understory  vegetation  required  at  the  new  site.  Large,  clean 
bums  that  leave  little  cover  for  protection  and  nesting  could  also  be  deleterious 
to  turkey  populations  (Stoddard  1963).  Stoddard  (1963)  and  Hurst  (1981a)  rec¬ 
ommended  burning  in  patches  or  burning  on  a  rotation  (no  scale  given). 
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Stoddard  1963  has  advised  burning  in  late  winter  or  early  spring  to  avoid  nest¬ 
ing  activity. 

The  importance  of  bare  ground  for  wild  turkeys 

Prescribed  burning  in  wild  turkey  management  also  serves  to  decrease  the  litter 
layer,  thereby  creating  bare  areas  of  soil  and  ash.  Dusting  occurs  daily  in  the 
summer  months  by  both  sexes  and  all  ages  of  turkeys  in  these  bare  areas  (Bailey 
and  Rinell  1967;  Stringer  1977).  Various  researchers  (Wheeler  1948;  Schorger 
1966;  Stoddard  1963)  have  indicated  that  these  sites  are  preferred  sites  for  dust¬ 
ing,  but  note  that  their  statements  are  based  on  observation  only. 

Nutrition  of  the  eastern  wild  turkey 

An  array  of  food  items  comprises  the  year-round  diet  of  eastern  wild  turkeys. 
Mosby  and  Handley  (1943)  identified  food  items  from  over  80  families  and  354 
species  of  plants,  and  also  reported  that  turkeys  eat  all  plant  parts,  including 
roots,  tubers,  bulbs,  stems,  buds,  leaves,  flowers,  fruits,  seeds,  seed  pods,  seed 
capsules,  and  seed  heads  (Mosby  and  Handley  1943;  Davis  1976).  Such  variety 
of  food  intake  is  necessary  because  food  availability  varies  with  season  and  habi¬ 
tat  (Dickson  1990;  Edwards,  Guynn,  and  Loeb  1993).  Thus,  managing  wild  tur¬ 
key  habitats  for  diversity  in  favored  food  species  has  been  encouraged  (Mosby 
and  Handley  1943;  Holbrook  1973;  Bowman  1981;  Dickson  1990;  Edwards, 
Guynn,  and  Loeb  1993). 

Fall  and  winter  food  Items 

Mast  provides  most  fall  and  winter  nourishment.  Acorns,  beechnuts,  and  dog¬ 
wood  fruits  are  choice  items  (Latham  1939;  Good  and  Webb  1940;  Mosby  and 
Handley  1943;  Wheeler  1948;  Glover  and  Bailey  1949;  Holbrook  1973;  Exum  et 
al.  1987;  Williams  and  Austin  1988;  Dickson  1990).  Acorns  are  consumed  as 
they  become  available  in  fall,  increase  in  importance  in  winter,  and  are  a  pri¬ 
mary  food  item  in  spring,  but  decline  to  less  than  5  percent  of  total  summer  food 
intake  (Good  and  Webb  1940;  Mosby  and  Handley  1943;  Wheeler  1948; 
Kennamer,  Gwaltney,  and  Sims  1980;  Dickson  1990).  Beechnuts  constitute  a 
significant  portion  of  turkey  diets  from  October  through  January  (Glover  and 
Bailey  1949).  Dogwood  fruits  are  heavily  consumed  from  September  through 
December,  but  are  still  important  foods  during  the  spring  (Mosby  and  Handley 
1943;  Glover  and  Bailey  1949;  Kennamer,  Gwaltney,  and  Sims  1980;  Exum  et  al. 
1987;  Dickson  1990).  Black  gum  fruits  and  wild  black  cherries  are  staple  items 
in  wild  turkey  diets  (Good  and  Webb  1940;  Halls  1977a,  1977b).  Pine  seeds  are 
readily  eaten  when  available  (Holbrook  1973),  and  are  mostly  consumed  from 
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December  through  May  (Kennamer,  Gwaltney,  and  Sims  1980).  Virginia  creeper 
fruits  are  often  consumed  in  November  and  December  (Mosby  and  Handley 
1943).  Ash,  sassafras,  hackberry,  persimmon,  red  cedar,  sumac,  wild  grape,  poi¬ 
son  ivy,  honeysuckle,  and  green  vegetation  are  foods  of  secondary  importance 
during  fall  and  winter  (Mosby  and  Handley  1943;  Wheeler  1948;  Holbrook  1973; 
Kennamer,  Gwaltney,  and  Sims  1980;  Exum  et  al.  1987).  In  years  of  mast  fail¬ 
ure  or  flood  conditions,  turkeys  obtain  nourishment  from  dogwood  fruits,  wild 
grapes,  wild  black  cherries,  blackberries,  and  greenbrier  seeds  (Glover  and  Bai¬ 
ley  1949;  Bailey,  Uhlig,  and  Breiding  1951;  Schorger  1966).  Females  expanded 
their  home  range  area  in  an  attempt  to  locate  acorns  in  years  of  poor  production 
(Badyaev,  Etges,  and  Martin  1996).  Hemlock  leaves,  ferns,  mosses,  and  buds  of 
beech,  ash,  hackberry,  pin  oak,  and  birch  are  eaten  in  times  of  extreme  food 
shortages  (Glover  and  Bailey  1949;  Schorger  1966). 

Effects  of  fire  on  the  fall/winter  diet 

The  effects  of  fire  on  notable  winter  food  items  vary  with  species  and  the  timing 
of  fire.  In  general,  hardwoods  (including  some  oaks,  beech,  black  gum,  black 
cherry,  ash,  sassafras,  hackberry,  persimmon,  red  cedar,  and  birch)  are  suscepti¬ 
ble  to  fire,  and  when  subject  to  fire,  can  experience  scarring  and  mortality.  Sas¬ 
safras,  however,  can  tolerate  light  winter  burning  (Rosene  and  Freeman  1988). 
Growing  season  fires  may  stimulate  growth  and  fruiting  of  dwarf  live  oak  (Wil¬ 
liams  1977a)  and  running  oak  (Williams  1977b),  while  high  intensity  burning  in 
spring  or  summer  was  found  to  work  best  for  regeneration  and  stocking  of  oaks 
(Brose  and  Van  Lear  1998;  Brose,  Van  Lear,  and  Cooper  1999).  Glitzenstein, 
Streng,  and  Platt  (1990)  and  Gliltzenstein,  Platt,  and  Streng  (1995)  found,  how¬ 
ever,  that  oak  mortality  was  significantly  greater  after  spring  burns  than  those 
in  any  other  season.  Regardless  of  the  season  of  burning,  fruit  production  will 
decrease  the  first  year  after  burning  in  sweet  gum  (Grelen  1975),  sassafras  (Leo¬ 
nard  1977),  various  oaks  (Stoddard  1963;  Springer  1977),  black  gum,  and  black 
cherry  (Halls  1977a,  1977b).  Older  dogwood  trees  are  fire  resistant,  and  fire 
stimulates  fruit  production,  but  young  trees  are  susceptible  to  fire  damage  (Lay 
1956;  Rosene  and  Freeman  1988). 

Fire  is  beneficial  to  pines  by  stimulating  growth,  but  a  hot,  summer  fire  could 
increase  pine  mortality  (Grelen  1975;  Boyer  1990).  Conversely,  Glitzenstein, 
Streng,  and  Platt  (1990)  and  Glitzenstein,  Platt,  and  Streng  (1995)  noted  no  in¬ 
crease  in  longleaf  pine  mortality  as  a  result  of  growing  season  burns,  while 
Brockway  and  Lewis  (1997)  reported  no  negative  effects  with  either  periodic 
summer  or  winter  bums.  Woody  vines,  such  as  honeysuckle  and  greenbrier,  are 
fire  tolerant  as  reported  by  Rosene  and  Freeman  (1988)  and  Jones  (1988),  but 
Cushwa  et  al.  (1969)  found  that  a  hot  summer  fire  decreased  wild  grape  and 
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honeysuckle  abundance.  Annual  and  biennial  burning  (Holbrook  1973),  as  well 
as  frequent  summer  burning  (Stoddard  1963;  Robbins  and  Myers  1992),  is  not 
recommended  because  fruit  and  mast  supplies  will  become  limited  as  the  occur¬ 
rence  of  mast-bearing  species  is  reduced.  Although  forest  stands  need  to  be  kept 
in  open  conditions  for  wild  turkeys  by  eradicating  some  hardwoods  and  other 
fruit-producing  understory  vegetation,  protecting  a  few  of  each  mast-producing 
species  from  fire  is  recommended  (Holbrook  1973;  Exum  et  al.  1987). 

Spring  and  summer  food  items 

Grass  seeds  and  soft  mast,  primarily  berries,  constitute  the  bulk  of  adult  turkey 
summer  diets,  and  a  significant  portion  of  poult  diets.  Dewberry,  blackberry, 
huckleberry,  blueberry,  and  gooseberry  are  consumed  as  they  become  available 
(as  early  as  April  in  Florida)  and  consumption  continues  through  October.  In 
years  of  food  shortages,  berries  may  be  eaten  as  late  as  January  and  February 
(Wheeler  1948;  Glover  and  Bailey  1949;  Hurst  and  Stringer  1975;  Davis  1976; 
Healy  1978;  Hurst  1978;  Kennamer,  Gwaltney,  and  Sims  1980;  Exum  et  al.  1987; 
Williams  and  Austin  1988).  Grass  seeds  are  ingested  year-round  by  wild  turkeys 
(Glover  and  Bailey  1949;  Bailey,  Uhlig,  and  Breiding  1951),  although  they  are 
mostly  consumed  in  late  summer  and  early  fall  (Exum  et  al.  1987).  In  Alabama, 
blackberries  were  the  most  important  vegetative  food  items  consumed  by  poults, 
and  were  most  abundant,  during  June  and  July.  Carpet  grass  accounted  for  51 
percent  of  total  food  volume  in  August,  and  in  September  crabgrass  constituted 
26  percent  of  total  food  volume  (Blackburn,  Kirk,  and  Kennamer  1975).  Grasses, 
including  bahia  grass,  crabgrass,  bristlegrass,  panic  grass,  bermuda  grass,  and 
oats  comprised  61.5  percent  of  total  food  volume  for  July  through  September  for 
juvenile  turkeys  (Hamrick  and  Davis  1971).  Other  summer  food  items  reported 
include  muscadine,  poison  ivy,  greenbrier,  wild  black  cherry,  wax  myrtle,  wild 
grapes,  buttercup,  wood  sorrel,  chickweed,  vetch  (Fabaceae)  and  hopclover  (Fa- 
baceae)  (Good  and  Webb  1940;  Wheeler  1948;  Glover  and  Bailey  1949;  Hamrick 
and  Davis  1971;  Hurst  and  Stringer  1975;  Williams  and  Austin  1988).  Green 
vegetation  is  also  prominent  in  summer  turkey  diets  (Kennamer,  Gwaltney,  and 
Sims  1980;  F/nim  et  al.  1987;  Williams  and  Austin  1988). 

Effects  of  fire  on  the  spring/summer  diet 

In  general,  the  effects  of  fire  on  soft,  mast-bearing  species  are  decreased  fruit 
yields  for  the  first  year  after  burning,  but  prolific  fruiting  3  or  4  years  later 
(Stoddard  1963).  Many  researchers  (Stoddard  1935;  Stoddard  1963;  Hurst  1978; 
Rosene  and  Freeman  1988)  have  reported  low  berry  production  the  first  year  af¬ 
ter  burning.  In  addition,  Robbins  and  Myers  (1992)  warn  that  a  fire  early  in  the 
growing  season  when  shrubs  are  flowering  may  eliminate  fruit  production  for 
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that  year.  In  contrast,  an  abundance  of  soft  mast  was  found  in  a  4-year-old 
rough  (Hurst  1978).  According  to  Oldenburg  (1987),  blueberries  produce  much 
more  mast  after  summer  burning  (July  or  August).  Wax  myrtle  flourishes  after 
being  primed  by  fire  due  to  increased  light  levels  and  decreased  competition 
(Hofstetter  1974).  Gallberry  apparently  thrives  with  frequent  winter  burning. 
Hughes  and  Knox  (1964)  reported  that  January  and  October  bums  increased 
gallbeny  stem  numbers,  and  hence  fruiting  capability,  above  pretreatment  lev¬ 
els,  while  April,  June  and  August  bums  decreased  stem  numbers.  Burning 
every  3  to  4  years  or  burning  on  rotation  every  4  years  is  recommended  for  main¬ 
tenance  of  soft-mast  bearing  species  (Stoddard  1935;  Hurst  1978). 

Prescribed  burning  is  also  beneficial  to  wild  turkeys  by  increasing  the  abundance 
of  herbaceous  vegetation  (Lay  1956;  Cushwa,  Brender,  and  Cooper  1966;  Hurst 
1978;  Mobley  1982;  Jones  1988).  Herkert  (1994)  notes  that  burning  off  dead 
plant  matter  positively  influences  future  plant  biomass  (Knapp  and  Seastedt 
1986;  Hulbert  1988).  Holbrook  (1973)  noted  improved  palatability  and  nutri¬ 
tional  quality  of  understory  vegetation.  Although  any  fire  temporarily  reduces 
the  food  supply,  this  reduction  persists  longer  following  dormant  season  fires 
than  growing  season  bums  (Robbins  and  Myers  1992).  Bums  occurring  annually 
in  late  spring  will  stimulate  growth  of  grasses  while  decreasing  both  diversity 
and  habitat  heterogeneity  (Abrams  and  Hulbert  1987;  Gibson  1988;  Collins  1992; 
and  Towne  and  Knapp  1996).  Landers  (1981)  observed  greater  growth  of  wire- 
grass  after  summer  burning,  and  new  growth  of  Panicum  spp  is  encouraged  by 
burning  (Rosene  and  Freeman  1988).  Summer  burning  is  also  thought  to  en¬ 
courage  grasses  rather  than  forbs  (Holbrook  1973).  Grelen  (1978)  found  signifi¬ 
cantly  greater  herbage  yields  of  grasses,  legumes  (Fabaceae),  asters,  and  other 
forbs  on  annually  and  biennially  March-burned  plots  than  on  May-burned  plots 
of  comparable  frequencies.  Cushwa  et  al.  (1969)  reported  an  increased  abun¬ 
dance  of  grasses,  legumes,  and  asters  one  growing  season  after  a  hot  fire.  Many 
grassland  bums  have  resulted  in  greater  densities  of  legumes  (Lemon  1967;  Ad¬ 
ams  and  Anderson  1978;  Niering  and  Dreyer  1989;  Dudley  and  Lajtha  1993;  Na¬ 
gel,  Nicholson,  and  Steuter  1994)  and  significantly  so  in  annually  burned  plots 
(Towne  and  Knapp  1996).  Other  plots  showed  forb  density  increases  up  to  6 
years  post-bum  (Gibson  and  Hulbert  1987).  Nevertheless,  increased  yields  of 
herbaceous  vegetation  are  short-lived,  and  repeated  burnings  must  be  conducted 
to  maintain  such  yields  (Lay  1956;  Nuzzo,  McClain  and  Strole  1996;).  Grelen 
(1978)  reported  that  yields  on  triennial  March-  and  May-burned  plots  did  not  sig¬ 
nificantly  differ  from  each  other  or  from  yields  of  unbumed  plots.  In  contrast, 
Nuzzo,  McClain,  and  Strole  (1996)  found  that  the  percent  of  forb  cover  was 
higher  on  burned  rather  than  unbumed  plots. 
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Burning  cannot  only  increase  the  abundance  of  herbaceous  plants,  but  can  also 
increase  their  flower  production.  In  Florida,  wiregrass  was  thought  to  have 
never  bloomed,  until  C.E.  Lewis  (1964)  reported  blooming  after  summer  fires 
(April-August).  Annual  and  periodic  May  bums  resulted  in  more,  but  smaller 
ramets  of  Pityopsis  graminifolia  (aster).  Seed  production  was  not  reduced  be¬ 
cause  reduced  flower  production  by  individual  ramets  was  compensated  for  by 
the  establishment  of  a  larger  number  of  flowering  ramets  per  clone  (Hartnett 
1987).  Platt,  Evans,  and  Davis  (1988)  also  noted  increased  ramet  production  in 
clonal  forbs  (primarily  asters)  due  to  growing-season  fires  killing  the  apical  mer- 
istems.  Late  spring  and  early  summer  burning  stimulated  peduncle  production 
in  six  native  grasses  more  than  fires  in  winter  or  early  spring,  and  unbumed 
grasses  did  not  produce  any  seed  stalks  (Biswell  and  Lemon  1943).  Summer 
burning  stimulated  flowering  in  cutthroat  grass  ( Panicum ),  whereas  winter 
burning  or  an  absence  of  burning  did  not  (Myers  and  Boettcher  1987).  Glitzen- 
stein,  Streng,  and  Platt  (1990)  found  that  growing  season  bums  significantly  en¬ 
hanced  flowering  and  fruiting  by  grasses  and  asters.  Note  again  though  that 
these  effects  of  increased  flowering  are  short-lived  and  repeated  burning  must  be 
conducted  to  sustain  such  production  (Biswell  and  Lemon  1943).  Other  reported 
effects  of  burning  include  summer  bums  (April-August)  decreasing  average 
flower  duration  within  a  population,  resulting  in  increased  synchronization 
(Platt,  Evans,  and  Davis  1988),  and  a  delay  in  flowering  (Hartnett  1987;  Platt, 
Evans,  and  Davis  1988).  Hughes  (1975)  found  seed  production  by  Panicum  spp 
to  be  affected  by  season  of  burning.  He  observed  that  plants  burned  in  October 
produced  seeds  in  April,  while  those  burned  in  January,  March,  and  May  pro¬ 
duced  seeds  in  May,  June,  and  July,  respectively. 

Seeds  of  herbaceous  vegetation  are  also  thought  to  be  more  available  on  burned 
sites  than  unbumed  sites  because  of  decreased  litter  layer  (Stoddard  1963; 
Cushwa  et  al.  1969;  Wilson,  Masters,  and  Bukenhofer  1995),  however  this  may 
not  be  important  for  turkeys  because  they  are  strong  scratchers  (Hurst  1981b). 

Invertebrate  food  Items 

Another  component  of  wild  turkey  diets  are  invertebrates.  During  winter  tur¬ 
keys  of  all  ages  eat  insects  hibernating  or  overwintering  in  ground  vegetation 
(Glover  and  Bailey  1949;  Kennamer,  Gwaltney,  and  Sims  1980),  but  inverte¬ 
brates  are  mostly  consumed  by  poults  in  summer  (May-September;  Kennamer, 
Gwaltney,  and  Sims  1980;  Exum  et  al.  1987).  Insects  are  ingested  heavily  the 
first  2  weeks  of  poult  life,  but  less  as  poult  age  increases  (Hurst  and  Stringer 
1975;  Davis  1976;  Stringer  1977;  Exum  et  al.  1987).  Therefore,  invertebrate  con¬ 
sumption  drops  steadily  from  May  through  September  (Blackburn,  Kirk,  and 
Kennamer  1975;  Hurst  and  Stringer  1975).  Invertebrates  comprised  54  percent 
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of  total  food  intake  by  poults  in  June,  11  percent  in  July,  and  only  3  percent  by 
September  (Blackburn,  Kirk,  and  Kennamer  1975). 

Great  variety  exists  in  species  of  invertebrates  taken  (Davis  1976).  Mosby  and 
Handley  (1943)  identified  313  species  of  invertebrates  from  537  turkeys.  Animal 
food  items  consumed  consisted  of  eggs,  egg  cases,  larvae,  nymphs,  pupae,  co¬ 
coons,  and  adults  (Mosby  and  Handley  1943).  Beetles,  grasshoppers,  true  bugs, 
leafhoppers,  butterflies,  and  moths  are  the  most  important  animal  foods 
(Wheeler  1948;  Glover  and  Bailey  1949;  Schorger  1966;  Hamrick  and  Davis 
1971;  Hurst  and  Stringer  1975;  Healy  1978;  Hurst  1978;  Williams  and  Austin 
1988).  Grasshoppers  made  up  15.5  percent  of  total  food  intake  by  juvenile  tur¬ 
keys  from  July  through  September  (Hamrick  and  Davis  1971),  and  beetles  con¬ 
stituted  19.6  percent  of  total  food  intake  by  poults  in  Florida  (Williams  and  Aus¬ 
tin  1988).  Spiders,  snails,  pill  bugs,  ants,  flies,  slugs,  millipedes,  and  centipedes 
provide  supplement  to  turkey  animal  food  diets  (Mosby  and  Handley  1943; 
Glover  and  Bailey  1949;  Hamrick  and  Davis  1971;  Hurst  and  Stringer  1975; 
Stringer  1977;  Hurst  1978;  Exum  et  al.  1987).  Other  animal  foods  consumed  in¬ 
clude  ticks,  small  wasps,  snail  shells,  salamanders,  crustaceans,  snakes,  and 
other  small  reptiles  (Mosby  and  Handley  1943;  Schorger  1966;  Hurst  1978). 

Effects  of  fire  on  Invertebrates 

Insects  and  other  invertebrates  are  most  vulnerable  to  fire  during  life  stages 
that  occur  within  surface  litter  or  plant  stems  and  leaves  (Robbins  and  Myers 
1992).  Rice  (1932)  reported  that  few  animals  survived  a  spring  bum,  and  those 
that  did  were  located  at  the  bases  of  bunch  grasses.  Hurst  (1978)  suggested  that 
litter-dependent  insects  (e.g.,  ground  beetles)  might  be  more  abundant  on  un- 
bumed  sites.  The  time  of  greatest  susceptibility  will  vary  among  species  depend¬ 
ing  on  their  life  histories  (Robbins  and  Myers  1992).  Some  species  will  be  less 
vulnerable  in  winter  because  they  are  in  a  resistant  stage  or  within  the  soil  ma¬ 
trix,  while  others  are  less  vulnerable  during  the  growing  season  when  they  are 
more  mobile  and  can  escape  a  fire  (Nagel  1973;  Robbins  and  Myers  1992).  Sisson 
(1991),  however,  found  no  significant  differences  in  invertebrate  abundance  be¬ 
tween  sites  burned  in  spring  or  winter. 

The  short-term  and  immediate  effects  of  fire  on  invertebrates  is  to  decrease  their 
abundance  and  cause  those  that  survive  to  migrate  to  areas  with  greater  cover, 
but  animals  recolonize  burned  sites  as  new  vegetative  growth  appears  (Rice 
1932;  Davis  1976;  Robbins  and  Myers  1992).  Two  or  3  months  after  burning, 
Nagel  (1973)  found  significantly  more  arthropods,  especially  herbivorous  species, 
on  burned  sites  as  compared  to  unbumed  sites,  while  Hurst  (1972)  saw  the  same 
pattern  5  to  7  months  post-bum.  Cancelado  and  Yonke  (1970)  reported  collect- 
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ing  significantly  greater  Homoptera  (leafhoppers)  and  Hemiptera  (true  bugs) 
populations  on  a  site  burned  7  months  previously  than  on  unbumed  sites.  Ant 
species  seem  not  to  be  significantly  impacted  by  periodic  burning  (McCoy  and 
Kaiser  1990;  Zimmer  and  Parmenter  1998)  with  similar  effects  seen  with  June 
beetle  and  darkling  beetle  species  (Pyle  and  Crawford  1996).  Fire  may  actually 
have  the  effect  of  drawing  in  potential  food  sources  in  the  form  of  pyrophilous 
arthropods.  In  their  review  of  literature,  McCullough,  Werner,  and  Neumann 
(1998)  pointed  out  the  work  of  Evans  (1972)  and  Holliday  (1984)  in  identifying  or 
observing  up  to  three  species  of  carabid  beetle  and  Kayll  (1968)  in  observing  sev¬ 
eral  spider  species,  all  of  which  migrate  to  recently  burned  environments.  Sie¬ 
mann,  Haarstad,  and  Tilman  (1997)  conducted  one  of  the  most  prolonged  studies 
of  the  effects  of  fire  on  arthropods  over  a  30-year  period.  They  found  no  signifi¬ 
cant  changes  in  either  abundance  or  richness  of  arthropods  yet  did  find  a  definite 
shift  in  species  composition,  implying  the  role  of  fire  in  deciding  locally  dominant 
species.  A  look  at  the  taxonomic  orders  most  impacted  revealed  that  densities  of 
Diptera  and  Homoptera  fell  in  correlation  with  increased  burn  frequency  while 
densities  of  Hemiptera  increased  (Siemann,  Haarstad,  and  Tilman  1997).  Al¬ 
though  it  is  well  established  that  fire  will  cause  the  direct  mortality  of  some  ar¬ 
thropods  (Gillon  1971;  Lyon  et  al.  1978;  Martin  and  Mitchell  1980;  Mitchell 
1990;  Fay  and  Samenus  1993),  it  is  also  apparent  that  many  of  these  organisms 
are  adapted  to  occasional  fires  (Evans  1984;  Anderson,  Leahy,  and  Dhillon  1989; 
Siemann,  Haarstad,  and  Tilman  1997).  Burning  every  other  year  or  burning  on 
rotation  every  3  years  is  recommended  to  increase  insect  abundance  and  avail¬ 
ability  (Hurst  1978;  Exum  et  al.  1987).  Sisson  (1991)  encourages  burning  1 
month  before  the  initiation  of  nesting  season  to  coincide  with  poult  hatching, 
growth  of  new  vegetation,  and  insect  abundance,  but  Rosene  (1969)  does  not  ad¬ 
vise  burning  at  the  end  of  March  or  in  April  since  insects  emerge  at  these  times. 

Hurst  (1978)  and  Sisson  (1991)  have  studied  the  implications  of  the  effects  of  fire 
on  invertebrates,  for  wild  turkeys.  Hurst  (1978)  reported  that  poults  that  fed  on 
recently  burned  plots  ate  significantly  more  animal  food  than  poults  that  fed  on 
3-  and  4-year-old  roughs.  On  burned  sites,  insects  were  heavily  consumed  be¬ 
cause  of  either  greater  abundance  or  availability.  Snail  shells  were  also  eaten 
more  frequently  on  the  litter-free  burned  sites.  Only  spiders  were  consumed 
more  on  unbumed  sites.  Apparently,  cover  conditions  for  spiders  were  not  suffi¬ 
cient  on  burned  sites.  Sisson  (1991)  revealed  the  importance  of  insects  in  selec¬ 
tion  of  habitats  by  hens  with  poults.  He  found  broods  used  burned  pinelands, 
grazed  woodlands,  and  old  fields;  areas  characterized  by  high  insect  populations. 
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Conclusion 

Recommendations  for  improving  or  maintaining  eastern  wild  turkey  habitats  are 
directed  toward  providing  high  habitat  diversity.  To  achieve  this,  clearings  or 
travel  lanes  must  be  provided  for  use  as  strutting  grounds,  dusting  areas,  sum, 
mer  food  sources,  invertebrate  “catching  grounds,”  and  brooding  sites.  Under¬ 
story  density  of  brush,  shrubs,  and  saplings  needs  to  remain  low  and  open,  yet 
sufficient  enough  for  use  as  escape  cover,  nesting  sites,  and  sources  of  soft  mast. 
A  diversity  of  mast-producing  trees  for  use  as  fall  and  winter  food  sources  needs 
to  be  maintained. 

Prescribed  binning  is  the  primary  management  tool  used  to  render  quality  wild 
turkey  habitat.  Nonetheless,  there  are  no  rules  or  set  methods  for  the  season  or 
periodicity  with  which  fire  should  occur  to  achieve  this  (Mosby  and  Handley 
1943;  Davis  1976;  Williams  and  Austin  1988).  As  with  bobwhite  quail,  the  ef¬ 
fects  of  prescribed  burning  depend  ultimately  on  the  frequency  of  burning,  the 
size  of  the  bum,  its  location,  and  the  weather  conditions  at  the  time  of  binning 
(wind  direction  and  velocity,  humidity,  and  temperature).  In  general,  patchy 
burning  every  2  to  4  years  is  recommended  to  improve  or  maintain  wild  turkey 
habitats.  Annual  burning  is  not  recommended  because  it  limits  fruit  and  mast 
supplies.  Winter  burning  (January,  February)  has  been  advocated,  while  burn¬ 
ing  during  the  breeding  season  (March-June)  is  ill  advised.  Both  growing  season 
and  dormant  season  bums  have  advantages  and  disadvantages.  Those  consider¬ 
ing  summer  bums  can  reduce  the  negative  impacts  by  reducing  the  size  of  a 
bum,  conducting  patch  bums,  and  varying  the  time  of  year  at  which  burning  oc¬ 
curs  (Robbins  and  Myers  1992).  Regardless  of  periodicity  or  season  of  burning, 
fire-sensitive  mast-bearing  hardwoods  must  be  protected  from  fire  to  ensure 
adequate  mast  during  the  fall  and  winter. 
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4  White-Tailed  Deer  ( Odocoileus 
virginianus) 


Introduction 

The  white-tailed  deer  is  a  highly  adaptable  ungulate,  capable  of  surviving  in  a 
variety  of  habitat  types,  withstanding  a  range  of  temperatures,  and  subsisting 
on  a  diversity  of  foods  (Speake,  Hill,  and  Carter  1975;  Smith  and  Coggin  1984; 
Johnson  et  al.  1995).  Usually,  the  best  habitat  conditions  for  deer  occur  where 
there  is  a  wide  variety  and  large  quantity  of  palatable,  nutritious  food  (Dasmann 
1971;  Harlow  1984).  Deer  habitat  management  in  the  southeastern  United 
States  is  primarily  concerned  with  providing  a  diversity  of  browse  and  forage 
species,  and  secondarily  concerned  with  providing  cover  for  escape  or  protection 
from  severe  weather  conditions.  Lay  (1967b)  recommends  management  prac¬ 
tices  that  will  provide  diverse  habitats  (e.g.,  mixture  of  stand  sizes,  types  and 
species,  well  distributed  clearings,  etc.),  and  subsequently  a  variety  of  food  re¬ 
sources.  Used  properly,  prescribed  binning  will  provide  quality  white-tailed  deer 
habitat  by  reducing  undesirable  woody  growth,  bringing  palatable  species  within 
reach  of  deer,  increasing  the  abundance  of  herbaceous  vegetation  in  semi-open  or 
open  conditions,  stimulating  fruit  and  berry  production,  and  improving  the  nu¬ 
trient  quality  of  forage  species  (Shrauder  and  Miller  1969;  Lewis  and  Har- 
shbarger  1976;  Whittington  1984;  Wade  and  Lunsford  1989;  Carlson  et  al.  1993). 

Direct  Effects  of  Fire  on  White-tailed  Deer 

Prescribed  burning  usually  causes  little  direct  mortality  to  white-tailed  deer 
(Vogl  1967;  Lyon  et  al.  1978).  Deer  respond  to  an  approaching  fire  by  moving 
away  or  ahead  of  it,  and  by  using  streambeds  or  other  wet  sites  as  refuges  (Vogl 
1967;  Ivey  and  Causey  1984).  Springer  (1977)  warned  that  prescribed  spring 
bums  (March,  April)  might  harm  newborn  fawns  due  to  their  sedentary  nature 
for  the  first  2  weeks  of  life  (Marchinton  and  Hirth  1984).  Fawns  are  able  to  run 
by  the  time  they  are  a  few  days  old,  therefore  most  would  be  able  to  escape  a 
prescribed  bum,  although  fawns  separated  from  their  mothers  are  not  likely  to 
survive  (Robbins  and  Myers  1992).  Still,  rescheduling  a  bum  to  eliminate  any 
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and  all  wildlife  damage  may  actually  indirectly  increase  wildlife  losses  by  having 
the  site  succeed  to  a  less  productive  vegetational  stage  (Vogl  1967). 

Documented  responses  of  deer  to  prescribed  burned  sites  indicate  that  deer  are 
attracted  to  newly  or  recently  burned  areas  due  to  changes  in  food  availability 
(Alexander  and  Dickson  1970;  Dills  1970;  Halls  1978;  Stransky  and  Harlow 
1981;  Carlson  et  al.  1993).  Researchers  have  reported  heavy  browsing  of  scrub 
oak,  sassafras,  black  gum,  chestnut  oak,  and  other  forage  species  on  burned  sites 
(Haffisey  and  Wood  1976;  Carlile,  Whelan,  and  Tipton  1977;  Hardin,  Klimstra, 
and  Silvy  1984).  Fire  may  also  elevate  fruit  production  in  some  plant  species 
(Lay  1956;  Johnson  and  Landers  1978;  Stransky  and  Halls  1979).  Ivey  and  Cau¬ 
sey  (1984)  reported  that  2  weeks  after  burning,  deer  preferred  the  hardwood/pine 
habitat  to  the  pine  habitat  due  to  hardwood  mast  being  exposed  by  the  fire.  Re¬ 
ports  of  deer  avoiding  burned  areas  are  restricted  to  sites  severely  affected  by 
burning  or  areas  void  of  cover  (Armstrong  1980;  Ivey  and  Causey  1984). 


Indirect  Effects  of  Fire  on  White-tailed  Deer 

Most  studies  of  the  effects  of  prescribed  burning  on  white-tailed  deer  evaluate 
how  fire  alters  their  habitat,  and  consequently  their  food  resources.  Fire  is  bene¬ 
ficial  to  deer  by  increasing  the  quantity  and  improving  the  quality  of  woody  and 
herbaceous  foods,  which  ultimately  affect  the  population  through  growth,  devel¬ 
opment,  reproduction,  and  survival.  Fire  also  proves  beneficial  by  controlling 
ectoparasite  abundance.  Potential  negative  effects  of  fire  to  deer  include  damage 
to  important  mast-producing  species  and  reduced  cover  for  escape  or  protection 
from  the  elements.  However,  several  authors  argue  that  cover  does  not  play  an 
important  role  for  fawns  and  adult  deer  in  the  southeastern  United  States  due  to 
moderate  temperatures  (Dasmann  1971;  Harlow  1984;  Marchinton  and  Hirth 
1984;  Smith  and  Coggin  1984).  Furthermore,  Whittington  (1984)  and  Newson 
(1984)  stated  that  cover  was  seldom  a  critical  factor  in  the  Piedmont  and  Coastal 
Plain,  respectively,  except  where  deer  are  subject  to  night  hunting  or  free- 
running  dogs.  Thus,  the  effect  of  fire  on  protective  cover  for  white-tailed  deer  is 
arguably  negligible. 

Ectoparasites 

White-tailed  deer  serve  as  host  to  at  least  25  species  of  arthropod  parasites,  the 
most  common  being  ticks,  lice,  and  a  louse  fly  (Kellogg  et  al.  1971).  Strickland, 
Gerrish,  and  Smith  (1981)  reported  18  species  of  ticks  from  deer,  13  of  which  are 
common.  Deleterious  effects  of  ticks  to  deer  include  blood  loss,  cutaneous 
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wounds  with  secondary  infections,  tick  paralysis,  disease  transmission,  and  deer 
fawn  mortality  (Robinson  et  al.  1967;  Bolte,  Hair,  and  Fletcher  1970;  Strickland, 
Gerrish,  and  Smith  1981).  Durden  et  al.  (1991)  reported  possible  hair  loss, 
blindness,  abnormal  behaviors,  and  death  from  heavy  infestations.  Hayes  and 
Prestwood  (1969)  also  stated  that  parasitism  compounded  by  malnutrition  could 
lead  to  mortality.  Newborn  fawns  seem  most  susceptible  to  tick  infestations  be¬ 
cause  (1)  peak  fawning  occurs  March-August  (Loveless  1959;  Harlow  and  Jones 
1965;  Jacobson,  Guynn,  and  Mott  1981;  Cook  1984),  a  time  when  adult  tick  activ¬ 
ity  is  greatest  (Bolte,  Hair,  and  Fletcher  1970);  and  (2)  newborn  fawns  are  rela¬ 
tively  sedentary  and  do  not  groom  themselves  enough  to  dislodge  the  ticks 
(Bolte,  Hair,  and  Fletcher  1970).  In  addition,  Kellogg  et  al.  (1971)  reported  heav¬ 
ier  tick  infestation  in  deer  during  summer  months  as  compared  to  the  rest  of  the 
year.  Jacobson,  Guynn,  and  Mott  (1981)  also  noted  that  infestations  in  deer  by 
nymphal  and  larval  ticks  were  heaviest  from  February  through  September  and 
July  through  October,  respectively.  Once  fawns  reach  6  weeks  of  age  though, 
little  detriment  by  ectoparasites  occurs  because  most  adult  and  nymphal  tick  ac¬ 
tivity  subsides  by  mid-July  and  also  because  fawns  become  more  adept  at  groom¬ 
ing  themselves  (Bolte,  Hair,  and  Fletcher  1970). 

Effects  of  fire  on  ectoparasites 

Limited  research  utilizing  prescribed  burning  for  the  control  of  ectoparasites  is 
available.  Rogers  (1953,  1955)  was  one  of  the  first  to  report  that  prescribed 
burning  could  be  used  to  control  tick  abundance.  He  found  adult  black-legged 
ticks  were  significantly  less  widespread  in  1-  and  2-year-old  roughs  than  in  areas 
that  had  not  been  burned  for  14  years.  Prescribed  burning  was  also  shown  to 
have  negatively  impacted  overall  numbers  of  larval  and  nymphal  forms  of  the 
tick  Amblyomma  americanum  (lone  star  tick),  but  adult  members  of  the  popula¬ 
tion  were  not  affected  (Hoch  et  al.  1972).  Conversely,  two  annual  bums  in  Geor¬ 
gia  significantly  reduced  larval  and  adult  lone  star  tick  populations  (Siefken 
1991).  Significant  decreases  in  populations  of  the  tick  Dermacentor  andersoni 
(Smith,  Cole,  and  Gouck  1946)  and  Ixodes  scapularis  (black-legged  tick;  Rogers 
1953)  have  been  reported  after  binning.  Wilson  (1986)  also  recorded  notable  de¬ 
creases  in  populations  of  Ixodes  dammini  (deer  tick),  for  at  least  12  months  post- 
bum.  The  research  showed  a  70.0  to  83.3  percent  decline  in  adult  tick  densities 
in  surveys  conducted  from  2  weeks  to  12  months  after  spring  and  fall  bums. 
Populations  tested  30  months  after  burning  were  found  to  have  stabilized  be¬ 
tween  the  burned  and  unbumed  habitats  (Wilson  1986).  In  conducting  biennial 
bums,  Siefken  (1991)  and  Davidson,  Siefken,  and  Creekmore  (1994)  found  that 
tick  abundance  was  reduced  significantly  the  year  of  the  bum,  while  in  the  year 
burning  was  omitted,  the  abundance  of  larval  lone  star  ticks  was  equal  on 
burned  and  unbumed  plots.  Davidson,  Siefken,  and  Creekmore  (1994)  concluded 
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that  annual  winter  burning,  or  burning  later  in  the  spring  or  summer  (after 
March)  when  more  of  the  tick  population  is  active,  could  be  an  effective  tool  for 
the  control  of  ectoparasites.  Accordingly,  Mather,  Duffy,  and  Campbell  (1993) 
concluded  that  burning  for  several  years,  having  a  hot  fire,  or  burning  after  April 
may  be  a  more  effective  way  to  control  ectoparasites. 


Nutrition  of  the  White-tailed  Deer 


The  diet  of  white-tailed  deer  is  comprised  of  a  variety  of  plants  and  plant  parts 
(Harlow  1961a;  Goodrum  and  Reid  1962;  Newsom  1984;  Johnson  et  al.  1995; 
Stromayer  et  al.  1998),  yet  relatively  few  species  compose  the  bulk  of  deer  diets. 
Deer  consume  the  leaves,  flowers,  fruits,  and  twig  ends  of  hardwood  and  shrub 
species,  and  the  stems  and  leaves  of  forbs,  grasses,  and  fleshy  fungi  (Johnson  et 
al.  1995;  Stromayer  et  al.  1998).  The  succulent,  new  growth  of  woody  plants, 
forbs,  and  grasses  provides  a  plethora  of  food  for  deer  in  the  spring  (Harlow  and 
Hooper  1972;  Vansant  1976;  Newsom  1984;  Johnson  et  al.  1995).  Important 
summer  food  items  include  grasses,  fungi,  soft  mast,  green  leaves,  and  stems  of 
woody  plants  and  forbs  (Dunkeson  1955;  Harlow  and  Hooper  1972;  Vansant 
1976;  Johnson  et  al.  1995;  Stromayer  et  al.  1998).  Acorns  constitute  the  majority 
of  deer  diets  for  the  fall  season  in  years  of  good  mast  production  (Pearson  and 
Burnett  1940;  Pearson  1943;  Dunkeson  1955;  Harlow  1961a,  1965a;  Duvendeck 
1964;  Lay  1965;  Goodrum,  Reid,  and  Boyd  1971;  Harlow  and  Hooper  1972;  Van¬ 
sant  1976;  Wentworth,  Johnson,  and  Hale  1990;  Johnson  et  al.  1995;  Stromayer 
et  al.  1998).  In  years  with  poor  acorn  yields,  cabbage  palmetto  berries;  fruits  of 
black  gum,  dogwood,  red  bay,  coralberry,  and  sumac;  and  leaves  of  broadleaf  ev¬ 
ergreens  are  consumed  (Pearson  1943;  Vansant  1976;  Wentworth,  Johnson,  and 
Hale  1990).  Fruits  of  various  hardwoods,  fungi,  and  green  and  dried  vegetation 
also  supplement  the  fall  diets  of  white-tailed  deer  (Dunkeson  1955;  Harlow 
1965a;  Harlow  and  Hooper  1972;  Vansant  1976;  Johnson  et  al.  1995).  Acorns 
remain  an  important  winter  food  item  if  available,  otherwise  fruits,  grasses, 
dried  and  green  vegetation,  fungi,  and  lichens  are  also  eaten  (Harlow  1965a; 
Harlow  and  Hooper  1972;  Johnson  et  al.  1995;  Stromayer  et  al.  1998).  The 
consumption  of  dried  leaves  and  other  vegetation  was  noted  to  increase  as  mast 
availability  decreased.  However,  the  dried  material  may  have  been  consumed  by 
deer  only  when  they  were  foraging  for  fallen  mast  or  fungi  (Vansant  1976). 
Stromayer  et  al.  noted  that  deer  in  Georgia  browsed  a  large  volume  of  privet,  a 
naturalized  semi-evergreen  shrub,  and  especially  so  in  years  of  acorn  shortage. 

The  consumption  of  fungi  by  deer  is  usually  sporadic,  thus  reflecting  the  growth 
habits  of  fungi  (Vansant  1976).  Nevertheless,  fleshy  fungi  are  a  significant, 
year-round  food  item  for  deer  whenever  available  (Harlow  1961a,  1965a;  Harlow 
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and  Hooper  1972;  Vansant  1976;  Whittington  1984;  Johnson  1995).  Dunkeson 
(1955)  reported  that  deer  went  to  considerable  effort  to  root  fungi  out  of  the  duff. 
In  addition,  fleshy  fungi  are  important  sources  of  nutrients  for  white-tailed  deer 
(OTialloran  et  al.  1987). 

ft 

Browse  vs.  herbaceous  vegetation 

Stransky  and  Harlow  (1981)  and  Robbins  and  Myers  (1992)  have  both  noted  that 
the  relative  importance  of  browse  to  herbaceous  vegetation  is  being  questioned  in 
diets  of  deer  of  the  southeastern  United  States.  Many  researchers  consider  deer 
to  be  primarily  a  browsing  herbivore  (Stransky  and  Harlow  1981;  Johnson  et  al. 
1995;  Stromayer  et  al.  1998),  but  some  studies  have  shown  the  importance  of 
forbs  and  grasses  in  white-tailed  deer  diets.  Dunkeson  (1955)  found  that  herba¬ 
ceous  plants  made  up  the  largest  single  class  of  deer  food  from  March  to  Novem¬ 
ber,  and  that  grasses  were  also  a  significant  food  item.  In  a  fall  and  winter  food 
survey,  Harlow  (1961a)  reported  that  herbaceous  material  amounted  to  more 
than  twice  the  amount  of  all  other  types  of  food  combined  for  deer  in  the  Ever¬ 
glades.  When  sampling  late  fall  and  early  winter  deer  diets  throughout  Florida, 
Harlow  (1965a)  noted  that  deer  in  southern  Florida  consumed  greater  amounts 
of  herbaceous  material  than  deer  in  northern  counterparts.  Verme  and  Ullrey 
(1984)  regard  deer  as  grazers,  turning  to  browse  when  herbaceous  forage  is  un¬ 
available.  In  contrast,  a  5-year  study  of  the  foraging  habits  of  white-tailed  deer 
by  Johnson  et  al.  (1995)  revealed  that  browse  consistently  composed  well  over  50 
percent  of  the  volume  of  rumen  contents  in  all  seasons  with  herbaceous  vegeta¬ 
tion  being  of  “secondary  importance.”  Stromayer  et  al.  (1998)  found  that  deer 
browsed  privet,  a  naturalized  semievergreen  shrub,  heavily  in  the  winter  in 
Georgia.  They  further  noted  that  deer  turned  mainly  to  privet  and  some  other 
available  browse,  rather  than  herbaceous  vegetation,  in  the  fall  of  years  with 
poor  acorn  production.  This  finding  was  corroborated  by  Johnson  et  al.  (1995) 
who  found  that  deer  consumed  other  fruits  and  the  leaves  of  dicotyledonous  ev¬ 
ergreen  shrubs  when  acorns  were  scarce,  but  conceded  that  herbaceous  forage 
may  be  underrepresented  in  rumen  analyses. 

Nutrition,  health,  and  reproductive  capacity 

Deer  show  direct  responses  in  physiology  and  population  structure  to  qualitative 
aspects  of  their  food  supply  (Klein  1970).  When  range  conditions  deteriorate, 
weight  loss,  arrested  antler  development,  decreased  reproductive  capacity,  low¬ 
ered  resistance  to  parasitism  and  diseases,  and  increased  mortality  of  adult  deer 
and  fawns  result  (Harlow  1965b;  Murphy  and  Coats  1966;  Hayes  and  Prestwood 
1969;  Klein  1970;  Dasmann  1971;  Wentworth,  Johnson,  and  Hale  1990;  Wen¬ 
tworth,  Johnson,  and  Hale  1992).  In  studying  the  effects  of  dietary  protein  on 
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deer,  Murphy  and  Coates  (1966)  reported  that  deer  on  the  lowest  protein  ration 
(7  percent  protein)  lost  weight  at  a  greater  rate  than  deer  on  intermediate  (10 
percent  protein)  or  high  (13  percent  protein)  protein  rations.  Murphy  and  Coates 
(1966)  also  stated  that  antler  development  in  fawns  and  survival  of  does  and 
fawns  were  directly  affected  by  decreased  protein  levels  in  the  diet.  Klein  (1970) 
asserted  that  deer  in  poor  physiological  condition  often  suffer  from  lowered  resis¬ 
tance  to  parasites,  heavier  parasite  infestations,  and  greater  opportunities  for 
disease  transmission.  Poor  nutrition  can  directly  affect  the  productivity  of  fe¬ 
male  deer  through  decreased  conception  rates,  increased  in  utero  mortality  and 
increased  mortality  of  newborn  fawns  (Klein  1970).  Verme  (1962)  studied  the 
effects  of  nutritional  status  of  female  deer  on  the  production  and  survival  of 
fawns.  He  reported  that  does  who  were  fed  a  high-quality  diet  throughout  the 
year  had  only  7  percent  pre-  and  post-natal  losses  of  fawns,  whereas  does  who 
were  fed  a  low  quality  winter  diet  followed  by  a  low-  or  moderate-quality  spring 
diet  experienced  fawn  losses  of  50  to  90  percent,  respectively.  Verme  (1963)  re¬ 
ported  that  well-fed  does  had  more  twins,  had  them  earlier,  and  the  fawns  were 
larger. 

Effects  of  fire  on  forage  quantity 

Fire  can  be  utilized  and  is  recommended  to  avoid  critical  periods  of  food  scarcity 
and  to  provide  food  at  a  level  that  is  readily  accessible  to  deer  (Alexander  and 
Dickson  1970;  Dills  1970;  Halls  1978;  Stransky  and  Harlow  1981;  Carlson  et  al. 
1993).  Many,  but  not  all,  studies  have  reported  an  increase  in  browse  and  forage 
production  after  prescribed  burning;  see  Table  1  (Hilmon  and  Hughes  1965; 
Mumaw  1965;  Lay  1967a;  Devet  and  Hopkins  1968;  Hallisey  and  Wood  1976; 
Lewis  and  Harshbarger  1976;  Carlile,  Whelan,  and  Tipton  1977;  Springer  1977; 
Hurst,  Campo,  and  Brooks  1980;  Hurst  and  Warren  1982;  Brose  and  Van  Lear 
1998;  Brose,  Van  Lear,  and  Cooper  1999).  Wood  (1988)  reported  no  significant 
differences  in  forage  production  between  burned  and  unbumed  plots  1  and  2 
years  after  a  January  bum.  Usually,  a  temporary  reduction  in  browse  occurs 
because  fire  top-kills  browse  species,  but  sprouting  from  the  root  crown  ensues 
(Dills  1970;  Wade,  Weise,  and  Shell  1989),  thereby  increasing  browse  production 
(Lay  1967a;  Stransky  and  Harlow  1981).  Dills  (1970)  reported  a  reduction  in 
browse  the  growing  season  after  a  March  bum,  but  2  years  post  bum,  browse 
yields  on  burned  sites  surpassed  those  produced  on  the  unbumed  control.  Hal¬ 
lisey  and  Wood  (1976)  reported  no  significant  differences  in  browse  production  by 
scrub  oak  on  burned  and  unbumed  plots  the  first  growing  season  after  an  April 
bum,  but  yields  1  to  4  years  post-bum  were  significantly  greater  on  burned  plots 
than  unbumed  plots.  Carlson  et  al.  (1993)  found  density  of  sprouts  to  increase 
and  remain  elevated  up  to  14  months  in  some  species.  Nutritional  quality  was 
also  enhanced  as  several  species  showed  higher  crude  protein  and  phosphorus 


ERDC/CERL  TR-03-13 


43 


levels.  Hengst  and  Dawson  (1994)  and  Huddle  and  Pallardy  (1996a)  found  oak 
resprouting  to  be  of  primary  importance  in  maintaining  oak  populations  over 
other  browse  species  after  fire,  but  Huddle  and  Pallardy  (1999)  found  that  the 
number  of  seedlings  of  all  types  decreased  post-bum.  To  minimize  the  impact  of 
reduced  browse  production  the  growing  season  after  burning,  Ivey  and  Causey 
(1984)  recommend  limiting  bum  units  to  thirty  hectares  or  less,  or  conducting 
bums  close  to  the  time  of  new  spring  growth. 


Table  1.  Known  effects  of  prescribed  burning  on  deer  forage  plants  in  southern  forests. 


Species 
Red  Maple 
Acer  rubrum 


Rattan 

Berchemia  scandens 
American  Beautyberry 
Callicarpa  amerjcana 
Trumpet-Creeper 
Campsis  radicans 
Butterfly  Pea 
Centrosema  virginjanum 
Fringetree 

Chionanthus  yirgjnicus 
Sweet  Pepperbush 

Clethra  alnifolia _ 

Black  Titi 

Cliftonia  mortophylla 


Reaction  To  Prescribed  Burning _ 

Needs  protection  from  fire 

Prolific  sprouting  after  a  winter  burn 

Easily  injured  by  fire,  and  once  injured  starts  to  decay 

Resprouts  vigorously  after  burning 

Reduced  abundance  after  spring  and  summer  fire 

Abundance  is  reduced  by  fire 


Source _ 

Rosene  and  Freeman  1988 
Devet  and  Hopkins  1968 
Massey  1961 
Massey  1961 
Brose  and  Van  Lear  1 998 
Stransky  and  Harlow  1 981 


Fire  will  kill  aboveground  parts 


Resprouts  prolifically  after  burning 


Will  withstand  annual  burning 


Rosene  and  Freeman  1988 


Glasglowand  Bateman  1961 


Rosene  and  Freeman  1988 


Hot  fires  capable  of  killing  roots  •  Goodrum  and  Halls  1961 

Resprouts  prolifically  after  a  light  burn _ _ 

Increased  abundance  after  burning  Krai  1 961 


Resprouts  prolifically  after  burning 


Shrauder  and  Miller  1969 
Eichhom  1961 


Dogwood 
Comus  spp 


Hawthorn 
Crataegus  spp 
White  Titi 
Cyrilla  racemiflora 


Strawberry-Bush 
Euonymus  amencanus 
Yellow  Jessamine 
Gelsemium  sempervirens 


Well  adapted  to  fire _ _ 

Older  trees  will  withstand  burning 
Burning  stimulated  fruit  production 
Fire  kills  aboveground  parts,  but  resprouts  after  burn¬ 
ing _ 

Will  not  tolerate  annual  burning 

Reduced  abundance  after  a  low-intensity  winter  bum 

Resprouts  prolifically  after  burning 

Well  adapted  to  fire _ _ 

Protect  from  hot  fires 


Robbins  and  Myers  1992 
Rosene  and  Freeman  1988 
Lay  1956 

Johnson,  F.M.  1961 


Rosene  and  Freeman  1988 

Wade  etal.  1989 _ 

Shrauder  and  Miller  1969 
Jeter  1961 

Robbins  and  Myers  1992 
Adams  1961 


Decreased  productivity  three  years  postburn 
Increased  abundance  after  burning 
Frequent  burning  may  damage  roots,  reduce  produc¬ 
tion  or  kill  the  plant  _ 


Lay  1956 
Rich  1961 
Rich  1961 
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les _ Reaction  To  Prescribed  Burning _  Source 


St.  Andrew's  Cross 

Hypericum  spp 

Fire  destroys  aboveground  parts 

Rosene  and  Freeman  1988 

Large  Gallberry 

Ilex  coriacea 

Resprouts  prolifically  after  burning 

Johnson,  A.L.  1961 

Possumhaw 

Ilex  decidua 

Resprouts  prolifically  after  burning 

Johnson,  A.L.  1961 

Gallberry 

Ilex  glabra 

Resprouts  prolifically  after  burning 

Thrives  with  annual  winter  burning 

Well  adapted  to  fire 

Vigorous  fruit  production  two  to  four  years  postbum 

Hilmon  and  Hughes  1965 

Hughes  and  Knox  1964 

Robbins  and  Myers  1992 
Stoddard  1963 

Holly 

llexopaca 

Decreased  productivity  after  burning 

Lay  1956 

Yaupon 

Ilex  vomitoria 

Resprouts  prolifically  after  burning 

Needs  protection  from  fire 

Decreased  productivity  one  year  postbum 

Hot  or  frequent  fires  will  eliminate 

Shrauder  and  Miller  1969 

Rosene  and  Freeman  1988 

Lay  1956 

Lay  1961a 

Virginia  Sweetspire 

Itea  virginica 

Periodic  burning  increases  abundance 

Harlow  1961b 

Eastern  Redcedar 

Junlperus  virginiana 

Stems  are  easily  girdled  by  fire 

Foliage  does  not  readily  bum 

Crawford  1961 

Crawford  1961 

Yellow  Poplar 

Liriodendron  tulipfera 

Reduced  abundance  after  a  low-intensity  winter  burn 
Resprouts  vigorously  after  burning 

Reduced  abundance  after  high  intensity  fire 

Wadeetal.  1989 

Hooper  and  Lueth  1961 

Brose,  Van  Lear,  and  Cooper 

1999 

Japanese  Honeysuckle 
Lonicera  japonica 

Will  withstand  burning 

Prolific  sprouting  after  a  winter  burn 

Fire  consumed  all  aboveground  vegetation 

Decreased  abundance  the  growing  season  after 
burning 

Importance  values  increased  after  a  low-intensity 
winter  burn 

Rosene  and  Freeman  1988 

Devet  and  Hopkins  1968 

Stransky  et  al.  1976 

Cushwa  et  al.  1969 

Wadeetal.  1989 

Red  Mulberry 

Morus  mbra 

Fire  will  scar  trees 

Reduced  abundance  after  a  low-intensity  winter  bum 

Rosene  and  Freeman  1988 

Wade  et  al.  1989 

Wax  Myrtle 

Myrica  cerifera 

Withstands  fire,  but  burning  decreases  the  seed  crop 
Well  adapted  to  fire 

Rosene  and  Freeman  1988 
Robbins  and  Myers  1992 

Black  Gum 

Nyssa  sylvatica 

Excessive  burning  will  leave  scars 

Productivity  increased  with  spring  burning 

Decreased  productivity  the  second  year  postbum 
Resprouts  prolifically  after  burning 

Rosene  and  Freeman  1988 
Carlileetal.  1977 

Lay  1956 

Halls  1977a,  Moore  1961 

Red  Bay 

Persea  borbonia 

Burning  stimulates  seed  germination 

Prolific  sprouting  ensues  burning 

Goodrum  1961b,  1977 

Goodrum  1961b,  1977 

Black  Cherry 

Pmnus  serotina 

Fire  scars  trees 

Fire  kills  aboveground  parts,  but  resprouts  prolifically 
after  burning 

Importance  values  increased  after  a  low-intensity 
winter  burn 

Rosene  and  Freeman  1988 

Halls  1977b 

Wadeetal.  1989 
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Reaction  To  Prescribed  Burning 

Source 

White  Oak 

Quercus  alba 

Fire  will  damage  trees 

Collins  and  Murry  1961 

Laurel  Oak 

Quercus  laurifolia 

Fire  not  recommended 

Fire  will  damage  trees 

Rosene  and  Freeman  1 988 
Collins  and  Murry  1961 

Water  Oak 

Quercus  nigra 

Fire  scars  trees 

Fire  will  damage  trees 

Rosene  and  Freeman  1988 
Collins  and  Murry  1961 

Willow  Oak 

Quercus  phellos 

Fire  will  damage  trees 

Collins  and  Murry  1961 

Chestnut  Oak 

Quercus  prinus 

Productivity  increased  after  spring  burning 

Carlile  et  al.  1977 

RunnerOak 

Quercus  pumila 

Bears  vigorously  for  several  years  after  burning 

If  burned  annually,  will  not  produce  acorns 

Reduced  acorn  production  the  growing  season  follow¬ 
ing  burning,  but  vigorous  production  thereafter 
increased  mast  production  after  growing-season 
burns 

High  abundance  on  plots  burned  annually  during  the 
dormant  season 

Low  abundance  on  plots  burned  annually  during  the 
qrowing  season 

Shrauder  and  Miller  1969 

Rosene  and  Freeman  1988 

Devet  and  Hopkins  1 968, 

Johnson  and  Landers  1978 
Oldenburg  1987,  Williams  1977 

Glitzenstein  et  al.  1990 

Glitzenstein  etal.  1990 

Post  Oak 

Quercus  stellata 

Resprouts  after  burning 

More  susceptible  to  growing-season  bums  than  dor¬ 
mant  season  bums 

Ferguson  1961 

Ferguson  1961 

Live  Oak 

Quercus  virginiana 

Fire  scars  trees  and  kills  small  ones 

Reasonably  fire  tolerant  when  burned  with  humidities 
above  45% 

Resprouts  after  topkilled 

Reduced  acorn  production  the  growing  season  follow¬ 
ing  burning,  but  vigorous  production  thereafter 

Rosene  and  Freeman  1988 
Armstrong  1980 

Armstrong  1980 

Springer  1977 

Sumac 

Rhus spp 

Fire  not  recommended 

Seed  germination  is  stimulated  by  fire 

Prolific  sprouting  after  a  winter  bum 

Reduced  abundance  after  a  low-intensity  winter  burn 

Rosene  and  Freeman  1988 
Armstrong  1980 

Devet  and  Hopkins  1968 

Wade  etal.  1989 

Blackberry 

Rubus  fruticosus 

Burning  stimulates  new  growth 

Increased  abundance  after  burning 

Peak  fruit  production  four  years  after  burning 

Vigorous  fruit  production  two  to  four  years  postbum 

Lay  1977 

Cushwa  et  al.  1969 

Wade  etal.  1989 

Johnson  and  Landers  1978 

Stoddard  1963 

Palmetto 

Sabal  palmetto 

Resprouts  prolifically  after  burning 

Hilmon  and  Hughes  1 965 

Sassafras 

Sassafras  albidum 

Will  withstand  light  winter  burning 

Productivity  increased  after  spring  burning 

Susceptible  to  fire  damage,  but  resprouts  after  burn¬ 
ing 

Rosene  and  Freeman  1988 

Carlile  etal.  1977 

Leonard  1977 

Saw  Palmetto 

Serenoa  repens 

Well  adapted  to  fire 

Robbins  and  Myers  1992 
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Reaction  To  Prescribed  Burning 

Source 

Greenbrier 

Will  withstand  burning 

Rosene  and  Freeman  1988 

Smilax  spp 

Relatively  fire  tolerant 

Armstrong  1980 

Vigorous  growth  after  a  hot  burn 

Armstrong  1980 

Increased  forage  growth  the  second  year  after  burn- 

Lay  1956 

ing 

Devet  and  Hopkins  1968 

Prolific  sprouting  after  a  winter  burn 

Importance  values  increased  after  a  low-intensity 

Wade  etal.  1989 

winter  burn 

Resprouts  after  burning 

Goodrum  1961a 

Common  Sweetleaf 
Symplocos  tinctoria 

Burning  increases  the  quality  and  quantity  of  browse 

Speake  1961 

Blueberry 

Increased  mast  production  after  growing-season 

Oldenburg  1987 

Vaccinum  spp 

burns 

Peak  fruit  production  three  growing  seasons  after 

Johnson  and  Landers  1978 

burning 

Vigorous  fruit  production  two  to  four  years  postburn 

Stoddard  1963 

Fire  may  stimulate  growth  in  the  Coastal  Plain 

Dale  1961 

Viburnum  molle 

Increased  productivity  two  years  postbum 

Lay  1956 

Grape 

Will  not  tolerate  burning 

Rosene  and  Freeman  1988 

Vitis  spp 

Resprouted  prolifically  after  a  winter  bum 

Devet  and  Hopkins  1968 

Importance  values  increased  after  a  low-intensity 
winter  burn 

Wade  et  al.  1989 

Fire  Frequency 

Increases  in  forage  production  are  temporary  (Shrauder  and  Miller  1969;  Hurst, 
Campo,  and  Brooks  1980),  and  burning  needs  to  be  repeated  to  maintain  yields 
(Devet  and  Hopkins  1968).  Lay  (1956)  reported  no  differences  in  forage  between 
burned  and  unbumed  plots  three  years  post-burn.  Springer  (1977)  found  no  dif¬ 
ferences  in  forb  production  two  springs  after  an  October  bum,  while  McGee, 
Leopold,  and  Nyland  (1995)  determined  that  richness  of  forb  species  increased 
post-bum.  Hilmon  and  Hughes  (1965)  reported  that  forb  production  peaked  3 
years  post-bum,  but  declined  thereafter.  Prescribed  burning  every  3  to  5  years 
is  recommended  to  maintain  high  quantities  of  available  forage  for  deer  (Harlow 
and  Bielling  1961;  Devet  and  Hopkins  1968;  Shrauder  and  Miller  1969;  Speake, 
Hill,  and  Carter  1975;  Hallisey  and  Wood  1976).  Brockway  and  Lewis  (1997) 
found  Graminoid  species  to  increase  in  total  cover  by  900  percent  when  treated 
with  biennial  bums.  Nuzzo,  McClain,  and  Strole  (1996)  also  found  that  herba¬ 
ceous  species  richness  was  significantly  elevated  after  the  burning  Lewis  and 
Harshbarger  (1976)  reported  that  periodic  burning  yielded  significantly  greater 
coverage  of  woody  species  than  annually-  or  biennially-burned  plots  with  negli¬ 
gible  changes  in  species  composition  as  compared  to  unbumed  plots.  Huddle  and 
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Pallardy  (1996b)  found  greater  mortality  of  trees  in  annual  verses  periodic  bums 
because  of  increased  fire  intensity  while  Nuzzo,  McClain,  and  Strole  (1996)  found 
no  change  in  richness  in  woody  species.  Burning  more  frequently  may  lead  to  a 
reduction  in  browse  (Harlow  and  Bielling  1961;  Landers  1987)  and  an  increase  in 
forbs  and  grasses  (Lewis  and  Harshbarger  1976;  Stransky  and  Harlow  1981; 
Landers  1987;  Nuzzo,  McClain  and  Strole  1996;  Brockway  and  Lewis  1997), 
while  less  frequent  burning  would  allow  a  thick  midstory  to  develop  out  of  the 
reach  of  deer  (Blair  1967)  and  would  ultimately  inhibit  plant  growth  underneath 
(Blair  1967;  Speake,  Hill,  and  Carter  1975;  Dunning  1993;  Wilson,  Masters,  and 
Bukenhofer  1995;  Nuzzo,  McClain,  and  Strole  1996). 

Season  of  burning 

Different  seasonal  burning  regimes  promote  different  components  of  the  deer 
diet.  Robbins  and  Myers  (1992)  found  that  growing-season  fires  tend  to  promote 
the  herbaceous  component,  while  dormant-season  fires  promote  browse  produc¬ 
tion.  Brockway  and  Lewis  (1997),  however,  found  that  graminoid  species  do 
benefit  from  periodic  dormant-season  fires.  Because  browse  species  respond 
with  vigorous  new  growth  (Devet  and  Hopkins  1968)  and  because  deer  are  con¬ 
sidered  to  be  primarily  a  browsing  herbivore,  dormant-season  burning  is  gener¬ 
ally  recommended  to  provide  qualify  deer  habitat.  Recognition  of  the  importance 
of  herbaceous  vegetation  to  deer  in  the  southeastern  United  States  has  lead 
some  researchers  to  point  out  possible  benefits  of  growing-season  fires  (Robbins 
and  Myers  1992;  Nuzzo,  McClain,  and  Strole  1996).  Landers  (1987)  proposes 
that  a  patchy  growing-season  bum  and  the  resulting  succulent  growth  of  herba¬ 
ceous  species  may  better  meet  the  nutritional  requirements  of  pregnant  does  and 
fawns.  Carlson  et  al.  (1993)  found  that  some  browse  species  burned  in  the  grow¬ 
ing-season  had  higher  crude  protein  and  phosphorus  levels  than  those  in  un- 
bumed  plots.  Researchers  have  reported  increased  production  of  mast,  grass 
seeds,  and  herbaceous  vegetation  resulting  from  growing-season  burns  (Biswell 
and  Lemon  1943;  Stransky  and  Harlow  1981;  Oldenburg  1987).  Stransky  and 
Harlow  (1981)  concluded  that  infrequent  summer  burning  increases  the  abun¬ 
dance  and  kinds  of  herbaceous  vegetation.  Thus,  growing-season  burns  con¬ 
ducted  periodically  or  alternated  with  dormant-season  bums  are  not  likely  to 
destroy  white-tailed  deer  habitat,  and  may  even  enhance  it  by  increasing  forb 
and  grass  density  (Robbins  and  Myers  1992). 

Effects  of  fire  on  forage  quality 

Prescribed  burning  serves  not  only  to  increase  the  abundance  of  browse,  but  also 
its  nutritional  quality  (Carlson  et  al.  1993).  After  evaluating  various  studies, 
Stransky  and  Harlow  (1981)  concluded  that  crude  protein  and  phosphorus, 
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which  are  limited  nutrients  in  the  southeastern  United  States,  generally  in¬ 
crease  in  browse  on  burned  plots  versus  browse  of  unbumed  plots.  There  was 
considerable  variation  among  species  and  the  effect  decreased  as  the  growing 
season  progressed,  but  the  differences  were  significant.  In  no  study  did  they  find 
that  burning  had  a  deleterious  effect  on  the  protein  and  phosphorus  contents  of 
browse  species.  Carlson  et  al.  (1993)  found  that  some  browse  species  burned  in 
the  growing-season  had  higher  crude  protein  and  phosphorus  levels  than  those 
in  unbumed  plots.  Springer  (1977)  reported  that  crude  protein  levels  of  browse 
on  fall-burned  (October)  sites  had  significantly  increased  the  following  spring 
(February-May),  but  not  the  second  growing  season  after  burning.  Springer 
(1977)  obtained  similar  results  for  phosphorus  levels  recorded  during  the  follow¬ 
ing  growing  season  (March-December).  Hallisey  and  Wood  (1976)  also  found 
significantly  greater  protein  levels  in  scrub  oak  foliage  on  sites  1-  to  4-years  post¬ 
bum  than  on  unbumed  sites.  Crude  protein  significantly  increased  in  blueberry 
foliage  one  growing  season  after  burning,  but  not  thereafter  (Hallisey  and  Wood 
1976).  Japanese  honeysuckle  showed  significantly  greater  protein  levels  on 
burned  sites  3  and  9  months  after  burning  as  compared  to  unbumed  plots 
(Stransky,  Hale,  and  Halls  1976).  Red  maple,  sourwood,  and  sassafras  contained 
significantly  more  protein  3  months  after  a  March  bum;  but  6  months  after  the 
bum,  no  significant  differences  could  be  found  (Dills  1970).  American  beauty- 
berry,  yaupon,  and  common  sweetleaf  had  higher  protein  and  phosphoric  acid 
contents  on  burned  sites  (Lay  1957, 1961a,  1961b;  Speake  1961).  Increased  pro¬ 
tein  and  phosphoric  acid  levels  on  burned  sites  were  likewise  reported  for  tree 
huckleberry,  dogwood,  water  oak,  sassafras,  sweetgum,  Viburnum,  molle,  and 
muscadine  (Lay  1957).  Hallisey  and  Wood  (1976)  also  found  increased  calcium 
and  magnesium  concentrations  in  browse  the  growing  season  following  an  April 
bum,  but  not  thereafter.  Studies  also  indicate  an  increase  in  browse  palatability 
after  burning  due  to  fiber  and  lignin  contents  of  browse  decreasing  shortly  after 
binning.  However,  fiber  and  lignin  contents  return  to  pretreatment  levels  a  few 
months  post-bum  (Stransky  and  Harlow  1981). 

Changes  in  browse  quality  due  to  prescribed  burning  appear  to  last  not  more 
than  one  growing  season.  Burning  at  any  season  increases  the  protein  and 
phosphorus  content  of  browse,  but  most  of  the  benefits  disappear  within  1  to  2 
years  (Lay  1957;  Carlson  et  al.  1993).  Given  the  existing  data,  it  seems  likely 
that  any  major  improvement  in  forage  nutritive  value  is  not  likely  to  occur  when 
prescribed  burning  is  conducted  every  3  to  5  years  (Wood  1988).  Nevertheless, 
note  that  these  studies  are  representative  only  of  the  short-term  effects  of  fire  on 
the  nutritive  value  of  vegetation,  and  that  the  effects  of  repeated  fires  and  vari¬ 
ous  burning  regimes  needs  further  evaluation. 
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Effects  of  fire  on  fungi 

An  initial  study  of  the  effects  of  fire  on  fungi  reported  that  a  March  bum  did  not 
affect  the  production  or  nutrient  quality  of  fleshy  fungi  (O’halloran  et  al.  1987). 
O’halloran  et  al.  (1987)  and  Shrauder  and  Miller  (1969)  both  contend  that  fungi 
serve  to  alleviate  nutritional  deficiencies  during  food  shortages  that  may  be  the 
result  of  a  prescribed  bum.  The  effects  of  repeated  bums  and  different  seasonal 
bums  on  fungi  still  need  to  be  evaluated  (O’halloran  et  al.  1987). 


Conclusion 

The  use  of  prescribed  burning  in  white-tailed  deer  habitat  is  not  a  new  concept 
and  comes  highly  recommended  as  a  means  to  increase  the  abundance  and  nutri¬ 
tive  value  of  food  resources  for  deer,  and  ultimately  the  range  carrying  capacity. 
Most  researchers  advocate  periodic  dormant-season  bums  because  browse  is 
considered  to  be  an  important  component  of  deer  diets.  However,  the  importance 
of  browse  in  southern  deer  diets  is  being  questioned.  With  this  realization,  re¬ 
searchers  have  investigated  the  effects  of  growing-season  bums,  and  conse¬ 
quently,  have  concluded  that  periodic  growing-season  bums  would  not  destroy 
deer  habitat.  Annual  summer  burning  may  eliminate  browse  species,  and  an¬ 
nual  winter  binning  limits  mast  production.  For  these  reasons,  annual  burning 
is  ill  advised.  Regardless  of  the  season  or  frequency  of  burning,  hardwood  spe¬ 
cies  should  be  protected  from  fire  (Shrauder  and  Miller  1969;  Whittington  1984) 
to  ensure  an  optimum  and  diverse  fruit  production  (Lay  1967a),  and  food  items 
for  deer  at  times  when  herbaceous  vegetation  may  not  be  available  (Robbins  and 
Myers  1992).  Maintaining  hardwood  stands  along  stream  bottoms  is  recom¬ 
mended  as  these  provide  a  variety  of  high-quality  foods  for  deer  (Newsom  1984). 


50 


ERDC/CERL  TR-03-13 


Literature  Cited 


Abrahamson,  W.G.  and  D.C.  Hartnett,  1990,  “Pine  flatwoods  and  dry  prairies,”  pp  103-149  in  R.L. 
Myers  and  J.J.  Ewel,  Eds.,  Ecosystems  of  Florida,  University  of  Central  Florida  Press, 
Orlando,  FL. 

Abrams,  M.D.  and  L.C.  Hulbert,  1987,  “Effect  of  topographic  position  and  fire  on  species 

composition  in  tallgrass  prairie  in  northeast  Kansas,”  American  Midland  Naturalist,  vol 
117,  pp  442-445. 

Adams,  D.E.  and  R.C.  Anderson,  1978,  “The  response  of  a  central  Oklahoma  grassland  to  burning,” 
Southwestern  Naturalist ,  vol  23,  pp  623-632. 

Adams,  KB.,  1984,  Effects  of  prescribed  fire  in  transition  oak  stands  in  New  York,  Ph.D. 
Dissertation,  SUNY-CESF,  Syracuse,  NY. 


Adams,  W.H.,  Jr.,  1961,  “Strawberry-bush,”  p  22  in  L.K  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse 
Plants  of  Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 

Alexander,  T.R.  and  J.D.  Dickson,  1970,  “Vegetational  changes  in  the  National  Key  Deer  Refuge,” 
Quarterly  Journal  of  the  Florida  Academy  of  Science,  vol  33,  pp  81-89. 

Armstrong,  W.E.,  1980,  “Impact  of  prescribed  burning  on  wildlife,”  pp  22-26  in  Prescribed  range 
burning  in  the  Edwards  Plateau  of  Texas:  proceedings  of  a  symposium  held  October  23, 
1980  at  Junction,  Texas,  Texas  Agricultural  Extension  Service. 

Badyaev,  A.V.,  1995,  “Nesting  habitat  and  nesting  success  of  eastern  Wild  Turkeys  in  the  Arkansas 
Ozark  highlands,”  Condor,  vol  97,  pp  221-232. 

Badyaev,  A.V W.J.  Etges,  and  T.E.  Martin,  1996,  “Ecological  and  behavioral  correlates  of 

variation  in  seasonal  home  ranges  of  wild  turkeys,”  Journal  of  Wildlife  Management ,”  vol 
60,  no.  1,  pp  154-164. 

Badyaev,  A.V.,  and  J.D.  Faust,  1996,  “Nest  Site  fidelity  in  female  wild  turkey:  potential  causes  and 
reproductive  consequences,”  Condor,  vol  98,  pp  589-594. 

Badyaev,  A.V.,  T.C.  Martin,  and  W.J.  Etges,  1996,  “Habitat  sampling  and  habitat  selection  by 

female  wild  turkeys:  ecological  correlates  and  reproductive  consequences,”  Auk,  vol  113, 
no.  3,  pp  636-646. 

Bailey,  R.W.,  and  KT.  Rinell,  1967,  “Events  in  the  turkey  year,”  pp  73-92  in  O.H.  Hewitt,  Ed.,  The 
Wild  Turkey  and  its  Management,  The  Wildlife  Society. 


ERDC/CERL  TR-03-13 


51 


Bailey,  R.W.,  H.G.  Uhlig,  and  G.  Breiding,  1951,  Wild  turkey  management  in  West  Virginia 
Bulletin  No.  2,  Conservation  Commission  of  West  Virginia,  Division  of  Game 
Management,  Charleston,  WV. 

Bailey,  R.W.,  J.R.  Davis,  J.E.  Frampton,  J.V.  Gwynn,  and  J.Shugars,  1981,  “Habitat  requirements 
of  the  wild  turkey  in  the  southeast  piedmont,”  pp  14-23  in  PT.  Bromley,  and  R.L.  Carlton, 
Eds.,  Proceedings  of  a  Symposium  Habitat  Requirements  and  Habitat  Management  for  the 
Wild  Turkey  in  the  Southeast,  Richmond,  VA. 

Bendell,  JR.,  1974,  “Effects  of  fire  on  birds  and  mammals,”  pp  73-138  in  T.T.  Kozlowski,  and  C.E. 
Ahlgren,  Eds.,  Fire  and  Ecosystems,  Academic  Press. 

Biswell,  H.H.,  and  PC.  Lemon,  1943,  “Effect  of  fire  upon  seed-stalk  production  of  range  grasses,” 
Journal  of  Forestry,  vol  41,  p  844. 

Blackburn,  W.E.,  JP  Kirk,  and  J.E.  Kennamer,  1975,  “Availability  and  utilization  of  summer  foods 
by  eastern  wild  turkey  broods  in  Lee  County,  Alabama,”  pp  86-96  in  L.K.  Halls,  Ed., 
Proceedings  of  the  Third  National  Wild  Turkey  Symposium,  San  Antonio,  TX,. 

Blair,  R.M.,  1967,  “Deer  forage  in  a  loblolly  pine  plantation,”  Journal  of  Wildlife  Management,  vol 
31,  no.  3,  pp  432-437. 

Bolte,  J.R.,  J.A.  Hair,  and  J.  Fletcher,  1970,  “White-tailed  deer  mortality  following  tissue 

destruction  induced  by  lone  star  ticks,”  Journal  of  Wildlife  Management,  vol  34,  no.  3, 
pp  546-552. 

Bowman,  G.B.,  and  L.D.  Harris,  1980,  “Effect  of  spatial  heterogeneity  on  ground-nest  depredation,” 
Journal  of  Wildlife  Management,  vol  44,  pp  806-813. 

Bowman,  JA.,  1981,  “Forest  management  impact  on  the  wild  turkey  in  mountain  habitats  of  the 
southeast,”  pp  149-158  in  P.T.  Bromley,  and  R.L.  Carlton,  Eds.,  Proceedings  of  a 
Symposium  Habitat  Requirements  and  Habitat  Management  for  the  Wild  Turkey  in  the 
Southeast,  Richmond,  VA. 

Boyer,  W.D.,  1990,  Growing-season  bums  for  control  of  hardwoods  in  longleafpine  stands. 

Research  Paper  SO-256,  USDA,  Forest  Service,  Southern  Forest  Experiment  Station,  New 
Orleans,  LA. 

Brender,  E.V.,  and  R.W.  Copper,  1968,  “Prescribed  burning  in  Georgia’s  Piedmont  loblolly  pine 
stands,”  Journal  of  Forestry,  vol  66,  pp  31-36. 

Brockway,  D.G.  and  C.E.  Lewis,  “Long-term  effects  of  dormant-season  prescribed  fire  on  plant 

community  diversity,  structure  and  productivity  in  a  longleaf  pine  wiregrass  ecosystem,” 
Forest  Ecology  and  Management,  vol  96,  pp  167-183. 

Brose,  PH.  and  D.H.  Van  Lear,  1998,  “Responses  of  hardwood  advance  regeneration  to  seasonal 
prescribed  fires  in  oak-dominated  shelterwood  stands,”  Canadian  Journal  of  Forestry 
Research,  vol  28,  pp  331-339. 


52 


ERDC/CERL  TR-03-13 


Brose,  P,  D.  Van  Lear,  and  R.  Cooper,  1999,  “Using  shelterwood  harvests  and  prescribed  fire  to 
regenerate  oak  stands  on  productive  upland  sites,’ "Forest  Ecology  and  Management ,  vol 
113,  pp  125-141. 

Buckner,  J.L.,  and  J.L.  Landers,  1979,  “Fire  and  disking  effects  on  herbaceous  food  plants  and  seed 
supplies,"  Journal  of  Wildlife  Management ,  vol  43,  no.  3,  pp  807-811. 

Campbell,  L.D.,  1988,  “Managing  wet  flatwoods  for  quail,"  in  C.  Kyser,  J.L.  Landers,  and  B.S. 
Mueller,  Eds.,  Proceedings  of  the  Tall  Timbers  Game  Bird  Seminar,  Tall  Timbers 
Association,  Tallahassee,  FL. 

Cancelado,  R.,  and  T.R.  Yonke,  1970,  “Effect  of  prairie  burning  on  insect  populations,"  Journal  of 
the  Kansas  Entomological  Society ,  vol  43,  pp  274-281. 

Carlile,  D.W .,  J.B.  Whelan,  and  A.R.  Tipton,  1977,  “Use  of  a  mixed-oak  forest  in  the  ridge  and 

valley  province  of  Virginia  by  white-tailed  deer  following  a  spring  fire,"  Virginia  Journal 
of  Science,  vol  28,  no.  2,  p  62. 


Carlson,  PC.,  G.W.  Tanner,  J.M.  Wood  and  S.R.  Humphrey,  1993,  “Fire  in  key  deer  habitat 

improves  browse,  prevents  succession,  and  preserves  endemic  herbs,"  Journal  of  Wildlife 
Management ,  vol  57,  no.  4,  pp  914-928. 

Clark,  R.G.,  and  T.D.  Nudds,  1991,  “Habitat  patch  size  and  duck  nesting  success:  the  critical 
experiments  have  not  been  performed,"  Wildlife  Society  Bulletin ,  vol  19,  pp  534-543. 


Collins,  J.O.,  and  R.E.  Murry,  1961,  “Oaks,"  p  52  in  L.K  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse 
Plants  of  Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 

Collins,  S.L.,  1992,  “Fire  frequency  and  community  heterogeneity  in  tallgrass  prairie  vegetation," 
Ecology,  vol  73,  pp  2001-2006. 

Cook,  R.L.,  1984,  “Texas,”  pp  457-474  in  L.K.  Halls,  Ed.,  White-tailed  Deer:  Ecology  and 
Management ,  Stackpole  Books,  Harrisburg,  PA,  pp  457-474. 

Crawford,  H.S.,  Jr.,  1961,  “Eastern  redcedar,"  p  34  in  L.K  Halls,  and  T.H.  Ripley,  Eds.,  Deer 
Browse  Plants  of  Southern  Forests  (USDA,  Forest  Service,  Southern  and  Southeastern 
Forest  Experiment  Stations. 

Cushwa,  C.T.,  E.  Czuhai,  R.W .  Cooper,  and  W.H.  Julian,  1969,  “Burning  clearcut  openings  in 
loblolly  pine  to  improve  wildlife  habitat,"  Georgia  Forest  Research  Paper  61,  Georgia 
Forest  Research  Council,  Macon,  GA. 

Cushwa,  C.T.,  M.  Hopkins,  and  B.S.  McGinnes,  1970,  “Response  of  legumes  to  prescribed  bums  in 
loblolly  pine  stands  of  the  South  Carolina  Piedmont,"  Research  Note  SE-140  (USDA, 
Forest  Service,  Southeastern  Forest  Experiment  Station,  Asheville,  NC. 

Cushwa,  C.T.,  E.V .  Brender,  and  R.W.  Cooper,  1966,  “The  response  of  herbaceous  vegetation  to 
prescribed  burning,"  Research  Note  SE-53  (USDA,  Forest  Service,  Southeastern  Forest 
Experiment  Station,  Asheville,  NC. 


ERDC/CERL  TR-03-13 


S3 


Dale,  E.E.,  Jr.,  1961,  “Blueberries,”  p  70  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants  of 
Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest  Experiment 
Stations. 

Dasmann,  W.,  1971,  If  Deer  are  to  Survive ,  Stackpole  Books,  Harrisburg,  PA, 

Davidson,  W.R.,  DA.  Siefken,  and  L.H.  Creekmore,  1994,  “Influence  of  annual  and  biennial 

prescribed  burning  during  March  on  the  abundance  of  Amblyomma  americanum  (Acari: 
Ixodidae)  in  central  Georgia,”  Journal  of  Medical  Entomology ,  vol  31,  pp  72-81. 

Davis,  J.R.,  1976,  Management  for  Alabama  wild  turkeys Alabama  Department  of  Conservation 
and  Natural  Resources. 

Day,  K.S.,  L.D.  Flake,  and  W.L.  Tucker,  1991  “Characteristics  of  wild  turkey  nest  sites  in  a  mixed- 
grass  prairie-oak-woodland  mosaic  in  the  northern  Great  Plains,  South  Dakota,” 

Canadian  Journal  of  Zoology ,  vol  69,  pp  2840-2845. 

Devet,  D.D.,  and  M.L.  Hopkins,  1968,  “Response  of  wildlife  habitat  to  the  prescribed  burning 
program  on  the  national  forests  in  South  Carolina,”  pp  129-133  in  Proceedings  Annu. 

Conf  of  the  Southeastern  Assoc,  of  Game  and  Fish  Commissioners,  vol  21. 

DeVos,  T.,  1986.  Brood  management  under  study  at  Tall  Timbers ,  Tall  Timbers  Report  8,  Tall 
Timbers  Association. 

Dickson,  J.G.,  1990,  “Oak  and  flowering  dogwood  fruit  production  for  eastern  wild  turkeys,”  pp  90- 
95  in  W.H.  Healy,  and  G.B.  Healy,  Eds.,  Proceedings  of  the  Sixth  National  Wild  Turkey 
Symposium ,  Charleston,  SC. 

Dickson,  J.G.,  C.D.  Adams,  and  S.H.  Hanley,  1978,  “Response  of  turkey  populations  to  habitat 
variables  in  Louisiana,”  Wildlife  Society  Bulletin ,  vol  6,  pp  163-166. 

Dills,  G.G.,  1970,  “Effects  of  prescribed  burning  on  deer  browse,”  Journal  of  Wildlife  Management , 
vol  34,  no.  3,  pp  540-545. 

Dudley,  J.L.  and  K  Lajtha,  1993,  “The  effects  of  prescribed  burning  on  nutrient  availability  and 
primary  production  in  sandplain  grasslands,”  American  Midland  Naturalist,  vol  130,  pp 
286-298. 

Dunkeson,  R.L.,  1955,  “Deer  range  appraisal  for  the  Missouri  Ozarks,”  Journal  of  Wildlife 
Management,  vol  19,  no.  3,  pp  358-364. 

Dunning,  J.B.,  1993,  “Bachman's  sparrow,”  pp  1-16  in  A.  Poole,  P  Stettenheim,  and  F.  Gill,  Eds., 

The  birds  of  North  America,  Acad.  Natl.  Sci.,  Philadelphia;  Am.  Omithol.  Union, 
Washington,  DC. 

Durden,  LA.,  S.  Luckhart,  G.R.  Mullen  and  S.  Smith,  1991,  “Tick  infestations  of  white-tailed  deer 
in  Alabama,”  Journal  of  Wildlife  Diseases,  vol  27,  no.  4,  pp  606-614. 

Duvendeck,  JP,  1964,  The  value  and  prediction  of  acorn  crops  for  deer,  PhD  Dissertation,  Michigan 
State  University. 


54 


ERDC/CERL  TR-03-13 


Edwards,  J.W.,  D.C.  Guynn,  Jr.,  and  S.C.  Loeb,  1993,  “Seasonal  mast  availability  for  wildlife  in 

Piedmont  region  of  Georgia?  Research  Paper  SE-287,  USDA  Forest  Service,  Southeastern 
Forest  Experiment  Station,  Asheville,  NC. 

Eichhom,  R.E.,  1961,  “Buckwheat-tree,”  p  14  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse 
Plants  of  Southern  Forests ,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 


Emlen,  J.T.,  1970,  “Habitat  selection  by  birds  following  a  forest  fire,”  Ecology ,  vol  51,  pp  343-345. 

Evans,  E.W .,  1984,  “Fire  as  a  natural  disturbance  to  grasshopper  assemblages  of  tallgrass  prairie,” 
Oikos,  vol  43,  pp  9-16. 

Evans,  E.W .,  1988,  “Grasshopper  (Insecta:  Orthoptera:  Acrididae)  assemblages  of  tallgrass  prairie: 
influences  of  fire  frequency,  topography,  and  vegetation,”  Canadian  Journal  of  Zoology, 
vol  66,  pp  1495-1502. 

Evans  W.G.,  1972,  “The  attraction  of  insects  to  forest  fires,”  pp  110-127  in  Proceedings  of  the 
Annual  Tall  Timbers  Fire  Ecology  Conference ,  vol  10. 

Exum,  J.H.,  JA.  McGlincy,  D.W.  Speake,  J.L.  Buckner,  and  F.M.  Stanley,  1987,  “Ecology  of  the 
eastern  wild  turkey  in  an  intensively  managed  pine  forest  in  southern  Alabama,”  Tall 
Timbers  Research  Station  Bulletin  #23,  Tallahassee,  FL. 


Fay,  PA.  and  R.J.  Samenus,  Jr.,  1993,  “Gall  Wasp  (Hymenoptera:  Cynipidae)  mortality  in  a  spring 
tallgrass  prairie  fire,”  Environmental  Entomology ,  vol  22,  pp  1333-1337. 

Ferguson,  E.R.,  1957,  “Stem-kill  and  sprouting  following  prescribed  fires  in  a  pine-hardwood  stand 
in  Texas,”  Journal  of  Forestry,  vol  55,  pp  426-429. 

Ferguson,  E.R.,  1961,  “Effects  of  prescribed  fires  on  understory  stems  in  pine-hardwood  stands  of 
Texas,”  Journal  of  Forestry,  vol  59,  pp  356-359. 

Garren,  K.H.,  1943,  “Effects  of  fire  on  vegetation  of  the  southeastern  United  States,”  Botanical 
Review,  vol  9,  pp  617-654. 

Gibson,  D.J.,  1988,  “Regeneration  and  fluctuation  of  tallgrass  prairie  vegetation  in  response  to 
burning  frequency,”  Bulletin  of  the  Torrey  Botanical  Club,  vol  115,  pp  1-12. 

Gibson,  D.J.  and  L.C.  Hulbert,  1987,  “Effects  of  fire,  topography  and  year-to-year  climatic  variation 
on  species  composition  in  tallgrass  prairie,”  Vegetatio,  vol  72,  pp  175-185. 

Gillon,  R.,  1971,  “The  effect  of  bush  fire  on  the  principal  Acridid  species  of  an  Ivory  Coast 

Savanna,”  pp  419-471  in  Proceedings  of  the  Tall  Timbers  Fire  Ecological  Conference , 
vol  11. 

Glasgow,  L.,  and  B.  Bateman,  1961,  “Trumpet-Creeper,”  p  6  in  L.K.  Halls,  and  T.H.  Ripley,  Eds., 
Deer  Browse  Plants  of  Southern  Forests ,  USDA,  Forest  Service,  Southern  and 
Southeastern  Forest  Experiment  Stations. 


ERDC/CERL  TR-03-13 


55 


Glitzenstein,  J.S.,  W.J.  Platt,  and  D.R.  Streng,  1995,  “Effects  of  fire  regime  and  habitat  on  tree 

dynamics  in  north  Florida  longleaf  pine  savannas,”  Ecological  Monographs,  v ol  65,  no.  4, 
pp  441-476. 

Glitzenstein,  J.S.,  D.R.  Streng,  and  W.J.  Platt,  1990,  Evaluating  the  Effects  of  Season  of  Bum  on 
Vegetation  in  Longleaf  Pine  Savannas,  Draft  Final  Report  to  the  Florida  Game  and  Fresh 
Water  Fish  Commission,  Nongame  Wildlife  Program. 

Glover,  FA.  and  R.W.  Bailey,  1949,  “Wild  turkey  foods  in  West  Virginia,”  Journal  of  Wildlife 
Management,  vol  13,  pp  255-265. 

Good,  H.G.,  and  L.G.  Webb,  1940,  “Spring  foods  of  the  wild  turkey  in  Alabama,”  Alabama  Game 
and  Fish  News,  vol  12,  pp  3-4, 13. 

Goodrum,  PD.,  1961a,  “Greenbriers,”  p  62  in  L.K  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants 
of  Southern  Forests,  USDA  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 

Goodrum,  PD.,  1961b,  “Redbay,”  p  46  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants  of 
Southern  Forests,  USDA  Forest  Service,  Southern  and  Southeastern  Forest  Experiment 
Stations. 

Goodrum,  PD.,  1977,  “Redbay  /  Persea  borbonia  (L.)  Spreng.,”  pp  65-66  in  L.K  Halls,  Ed.,  Southern 
Fruit-producing  Woody  Plants  Used  by  Wildlife,  General  Technical  Report  SO-16,  USDA 
Forest  Service. 

Goodrum,  PD.,  and  L.K  Halls,  1961,  “Fringetree,”  p  10  in  L.K  Halls,  and  T.H.  Ripley,  Eds.,  Deer 
Browse  Plants  of  Southern  Forests,  USDA  Forest  Service,  Southern  and  Southeastern 
Forest  Experiment  Stations. 

Goodrum,  PD.,  and  V.H.  Reid,  1962,  “Browsing  habits  of  white-tailed  deer  in  the  western  gulf 
region,”  pp  9-14  in  Proc.  National  White-tailed  Deer  Disease  Symposium,  vol  1. 

Goodrum,  PD.,  V.H.  Reid,  and  C.E.  Boyd,  1971,  “Acorn  yields,  characteristics,  and  management 
criteria  of  oaks  for  wildlife,”  Journal  of  Wildlife  Management,  vol  35,  no.  3,  pp  520-532. 

Gordon,  D.M.,  1986,  “The  dynamics  of  the  daily  round  of  the  harvester  ant  cology  (Pogonomyrmex 
barbatus),”  Animal  Behavior,  vol  34,  pp  1402-1419. 

Grano,  C.X.,  1970,  Eradicating  understory  hardwoods  by  repeated  prescribed  burning.  Research 
Paper  SO-56,  USDA,  Forest  Service,  Southern  Forest  Experiment  Station,  New  Orleans, 
LA. 

Gregg,  MA,  JA.  Crawford,  M.S.  Drut,  and  A.K  Delong,  1994  “Vegetation  cover  and  predation  of 
Sage  Grouse  nests  in  Oregon,”  Journal  of  Wildlife  Management,  vol  58,  pp  162-166. 

Grelen,  H.E.,  1975,  Vegetative  response  to  twelve  years  of  seasonal  burning  on  a  Louisiana  longleaf 
pine  site.  Research  Note  SO- 192,  USDA,  Forest  Service,  Southern  Forest  Experiment 
Station,  New  Orleans,  LA. 


56 


ERDC/CERL  TR-03-13 


Grelen,  H.E.,  1978,  “Winter  and  spring  prescribed  fires  on  Louisiana  pine-bluestem  range,*  pp  242- 
244  in  D.N.  Hyder,  Ed.,  Proceedings  of  the  First  International  Rangeland  Congress , 

Society  for  Range  Management,  Denver,  CO. 


Gustafson,  E.J.,  G.R.  Parker,  and  S.E.  Backs,  1994,  “Evaluating  spatial  pattern  of  wildlife  habitat: 
a  case  study  of  the  wild  turkey  (Meleagris  gallopavo),*  American  Midland  Naturalist,  vol 
131,  pp  24-33. 


Hallisey,  D.M.,  and  G.W.  Wood,  1976,  “Prescribed  fire  in  scrub  oak  habitat  in  central 
Pennsylvania*  Journal  of  Wildlife  Management,  vol  40,  no.  3,  pp  507-516. 

Halls,  L.K,  1977a,  “Black  Tupelo  l  Nyssa  sylvatica  var.  sylvatica  Marsh.  Swamp  Tupelo  /Nyssa 
sylvatica  var .  biflora  (Walt.)  Sarg.,*  pp  63-64  in  L.K  Halls,  Ed.,  Southern  Fruit-producing 
Woody  Plants  Used  by  Wildlife,  General  Technical  Report  SO-16,  USDA,  Forest  Service. 

Halls,  L.K,  1977b,  uSouthern  fruit-producing  woody  plants  used  by  wildlife ,*  General  Technical 
Report  SO-16,  USDA,  Forest  Service. 

Halls,  L.K,  1977c,  “Wild  Cherries  and  Plums  /Prunus  spp,*  pp  67-73  in  L.K  Halls,  Ed.,  Southern 
Fruit-producing  Woody  Plants  Used  by  Wildlife,  General  Technical  Report  SO-16,  USDA, 
Forest  Service. 

Halls,  L.K,  1978,  “White-tailed  deer,*  pp  43-65  in  J.  Schmidt  and  D.  Gilbert,  Eds.,  Big  game  of 
North  America ,  Stackpole  Books,  Harrisburg,  PA. 

Hamrick,  W.J.,  and  J.R.  Davis,  1971,  “Summer  food  items  of  juvenile  wild  turkeys,”  pp  85-89  in 
Proc.  Southeastern  Assoc,  of  Game  and  Fish  Commissioners,  vol  25. 

Hardin,  J.W.,  W.D.  Klimstra  and  N.J.  Silvy,  1984,  “Florida  Keys,*  pp  381-390  in  L.K  Halls,  Ed., 
White-tailed  Deer:  Ecology  and  Management ,  Stackpole  Books,  Harrisburg,  PA. 


Harlow,  RF .,  1961a,  “Fall  and  winter  foods  of  Florida  white-tailed  deer,*  Quarterly  Journal  of  the 
Florida  Academy  of  Sciences,  vol  24,  no.  1,  pp  19-38. 


Harlow,  RF.,  1961b,  “Virginia  sweetspire,*  p  32  in  L.K  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse 
Plants  of  Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 


Harlow,  RF.,  1965a,  “Food  habits*  pp  74-107  in  RF.  Harlow,  and  F.K  Jones  Jr.,  Eds.,  The  White¬ 
tailed  Deer  in  Florida,  Technical  Bulletin  No.  9,  Florida  Game  and  Fresh  Water  Fish 
Commission. 


Harlow,  RF.,  1965b,  “Diseases  and  parasites ,*  pp  125-138  in  RF.  Harlow,  and  F.K  Jones  Jr.,  Eds., 
The  White-tailed  Deer  in  Florida,  Technical  Bulletin  No.  9,  Florida  Game  and  Fresh  Water 
Fish  Commission. 

Harlow,  RF .,  1984,  “Habitat  evaluation,*  pp  601-628  in  L.K  Halls,  ed.,  White-tailed  Deer:  Ecology 
and  Management ,  Stackpole  Books,  Harrisburg,  PA. 


ERDC/CERL  TR-03-13 


57 


Harlow,  RF,  and  P  Bielling,  1961,  “Controlled  burning  studies  in  longleaf  pine-turkey  oak 
association  on  the  Ocala  National  Forest,”  pp  9-24  in  Proceedings  Annu .  Conf.  of  the 
Southeastern  Assoc,  of  Game  and  Fish  Commissioners ,  vol  15. 

Harlow,  R F.,  and  F.K.  Jones  Jr.,  1965,  “Reproduction,”  in  RF.  Harlow,  and  F.K  Jones  Jr.,  Eds., 

The  White-tailed  Deer  in  Florida ,  Technical  Bulletin  No.  9,  Florida  Game  and  Fresh  Water 
Fish  Commission. 

Harlow,  RF.,  and  R.G.  Hooper,  1972,  “Forages  eaten  by  deer  in  the  southeast,”  pp  18-46  in 

Proceedings  Annu.  Conf.  of  the  Southeastern  Assoc .  of  Game  and  Fish  Commissioners ,  vol 
25. 

Harshbarger,  T.J.,  and  R.C.  Simpson,  1970,  “Late-summer  nesting  sites  of  quail  in  south  Georgia,” 
Research  Note  SE-131,  USDA,  Forest  Service. 

Harshbarger,  T.J.,  C.J.  Perkins  and  R.E.  Martin,  1975,  “Legume  response  unrelated  to  fuel 
moisture  at  time  of  burning,”  Journal  of  Range  Management ,  vol  28,  pp  70-71. 

Hartnett,  D.C.,  1987,  “Effects  of  fire  on  clonal  growth  and  dynamics  of  Pityopsis  graminifolia 
(Asteraceae),”  American  Journal  of  Botany,  vol  74,  pp  1737-1743. 

Hayes,  FA.  and  A.K  Prestwood,  1969,  “Some  considerations  for  diseases  and  parasites  of  white¬ 
tailed  deer  in  the  southeastern  United  States,”  pp  32-36  in  White-tailed  Deer  in  Southern 
Forest  Habitat  Proceedings  of  a  Symposium  at  Nacogdoches,  Texas ,  USDA,  Forest  Service* 
Southern  Forest  Experiment  Station. 

Healy,  W.M.,  1978,  Feeding  activity  of  wild  turkey  poults  in  relation  to  ground  vegetation  and  insect 
abundance ,  Phd  Thesis,  West  Virginia  University. 

Healy,  W.M.,  1981,  “Habitat  requirements  of  wild  turkeys  in  the  southeastern  mountains,”  pp  23- 
34  in  PT.  Bromley,  and  R.L.  Carlton,  Eds.,  Proceedings  of  a  Symposium  on  Habitat 
Requirements  and  Habitat  Management  for  the  Wild  Turkey  in  the  Southeast,  Richmond, 
VA. 


Herkert,  J.R.,  1994,  “Breeding  bird  communities  of  midwestem  prairie  fragments:  the  effects  of 
prescribed  burning  and  habitat-area,”  Natural  Areas  Journal ,  vol  14,  no.  2,  pp  128-135. 

Hillestad,  H.O.,  1973,  “Movements,  behavior,  and  nesting  ecology  of  the  wild  turkey  in  eastern 
Alabama,”  pp  109-123  in  G.C.  Sanderson,  and  H.C.  Schultz,  Eds.,  Wild  Turkey 
Management  Current  Problems  and  Programs ,  The  Missouri  Chapter  of  the  Wildlife 
Society  and  University  of  Missouri  Press. 

Hillestad,  H.O.,  and  D.W.  Speake,  1971,  “Activities  of  wild  turkey  hens  and  poults  as  influenced  by 
habitat,”  pp  244-251  in  Proc.  Southeastern  Assoc .  of  Game  and  Fish  Commissioners ,  vol 
24. 

Hilmon,  J.B.,  and  R.H.  Hughes,  1965,  “Forest  service  research  on  the  use  of  fire  in  livestock 
management  in  the  south,”  pp  261-275  in  Proceedings  Tall  Timbers  Fire  Ecology 
Conference ,  vol  4. 


58 


ERDC/CERL  TR-03-13 


Hoch,  A.L.,  PJ.  Semtner,  R.W.  Barker,  and  J.A.  Hair,  1972,  “Preliminary  observations  on  controlled 
burning  for  lone  star  tick  (Acarina:  Ixodidae)  control  in  woodlots,”  Journal  of  Medical 
Entomology ,  vol  9,  pp  446-451. 


Hofstetter,  R.H.,  1974,  “The  effect  of  fire  on  the  pineland  and  sawgrass  communities  of  southern 
Florida,1 ”  pp  201-212  in  PJ.  Gleason,  Ed.,  Environments  of  South  Florida:  Past  and 
Present ,  Memoir  2,  Miami  Geological  Society,  Miami,  FL. 

Holbrook,  H.L.,  1973,  “Management  of  wild  turkey  habitat  in  southern  forest  types,1 ”  pp  245-252  in 
G.C.  Sanderson,  and  H.C.  Schultz,  Eds.,  Wild  Turkey  Management  Current  Problems  and 
Programs,  The  Missouri  Chapter  of  the  Wildlife  Society  and  University  of  Missouri  Press. 

Holbrook,  H.L.,  and  J.C.  Lewis,  1967,  “Management  of  the  eastern  turkey  in  the  southern 

Appalachian  and  Cumberland  Plateau  region,”  pp  343-370  in  O.H.  Hewitt,  Ed.,  The  Wild 
Turkey  and  its  Management ,  The  Wildlife  Society. 


Holliday,  N.J.,  1984,  “Carabid  beetles  (Coleoptera:  Carabidae)  from  a  burned  spruce  forest  (Picea 
spp),”  Canadian  Entomol.,  vol  116,  pp  919-922. 


Hon,  T.,  DP  Belcher,  B.  Mullis,  and  J.R.  Monroe,  1978,  “Nesting,  brood  range,  and  reproductive 
success  of  an  insular  turkey  population,”  pp  137-149  in  Proceedings  Annu,  Conf  of  the 
Southeastern  Association  of  Fish  and  Wildlife  Agencies ,  vol  32. 

Hooper,  T.,  1977,  “Sweetgum  / Liquidambar  styraciflua  L.,”  in  L.K.  Halls,  Ed.,  Southern  Fruit- 

Producing  Woody  Plants  Used  by  Wildlife ,  General  Technical  Report  SO-16,  USDA,  Forest 
Service. 


Hengst,  W.M.  and  J.O.  Dawson,  1994,  “Bark  properties  and  fire  resistance  of  selected  tree  species 
from  the  Central  Hardwood  Region  of  North  America,”  Canadian  Journal  of  Forestry 
Research,  vol  24,  pp  688-696. 

Hooper,  T.H.,  and  F.X.  Lueth,  1961,  “Yellow-poplar,”  p  36  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer 
Browse  Plants  of  Southern  Forests,  USDA  Forest  Service,  Southern  and  Southeastern 
Forest  Experiment  Stations. 


Huddle,  J.A.  and  S.G.  Pallardy,  1999,  “Effect  of  fire  on  survival  and  growth  of  Acer  rubrum  and 
Quercus  seedlings,”  Forest  Ecology  and  Management,  vol  118,  pp  49-56. 

Huddle,  J.A.  and  S.G.  Pallardy,  1996a,  “Effects  of  soil  and  stem  base  heating  on  survival, 

resprouting  and  gas  exchange  of  Acer  and  Quercus  seedlings,  Tree  Physiology ,  vol  16, 
pp  583-589. 

Huddle,  JA.  and  S.G.  Pallardy,  1996b,  “Effects  of  long-term  annual  and  periodic  burning  on  tree 
survival  and  growth  in  a  Missouri  Ozark  oak-hickory  forest,”  Forest  Ecology  and 
Management,  vol  82,  pp  1-9. 

Hughes,  R.H.,  and  F.E.  Knox,  1964,  “Response  ofgallberry  to  seasonal  burning Research  Note  SE- 
21,  USDA  Forest  Service,  Southeastern  Forest  Experiment  Station. 

Hughes,  R.H.,  1975,  “The  native  vegetation  in  South  Florida  related  to  month  of  burning,1*  Reserch 
Note  SE-222,  USDA  Forest  Service,  Southeastern  Forest  Experiment  Station. 


ERDC/CERL  TR-03-13 


Hughes,  R.H.,  and  F.E.  Knox,  1964,  “ Response  ofgallberry  to  seasonal  burning,”  Research  Note  SE- 
21,  USDA  Forest  Service,  Southeastern  Forest  Experiment  Station. 

Hulbert,  L.C.,  1988,  “Causes  of  fire  effects  in  taUgrass  prairie,”  Ecology,  vol  69,  pp  46-58. 

Hurst,  G.A.,  1970,  “The  effects  of  controlled  burning  on  arthropod  density  and  biomass  in  relation 
to  bobwhite  quail  brood  habitat  on  a  right-of-way,”  Tall  Timbers  Conference  on  Ecological 
Animal  Control  by  Habitat  Management  Proceedings,  vol  2,  pp  173-183. 

Hurst,  G.A.,  1972,  “Insects  and  bobwhite  quail  brood  habitat  management,”  pp  65-82  in  JA. 
Morrison,  and  J.C.  Lewis,  Eds.,  Proceedings  of  the  First  National  Bobwhite  Quail 
Symposium,  Oklahoma  State  University  Research  Foundation,  Stillwater,  OK 

Hurst,  G.A.,  1978,  “Effects  of  controlled  burning  on  wild  tin-key  poult  food  habits,”  pp  30-37  in 
Proc.  Annu.  Conf.  Southeastern  Assoc.  Fish  Wildl.  Agencies,  vol  32. 

Hurst,  GA.,  1981a,  “Habitat  requirements  of  the  wild  turkey  on  the  southeast  coastal  plain,”  pp  2- 
13  in  P.T.  Bromley,  and  R.L.  Carlton,  Eds.,  Proceedings  of  a  Symposium  Habitat 
Requirements  and  Habitat  Management  for  the  Wild  Turkey  in  the  Southeast,  Richmond, 
VA. 

Hurst,  G.A.,  1981b,  “Effects  of  prescribed  burning  on  the  eastern  wild  turkey,”  pp  81-88  in  G.W. 

Wood,  Ed.,  Prescribed  Fire  and  Wildlife  in  Southern  Forests  Proceedings  of  a  Symposium, 

The  Belle  W.  Baruch  Forest  Science  Institute  of  Clemson  University,  Georgetown,  SC. 

• 

Hurst,  GA.,  J.J.  Campo,  and  M.B.  Brooks,  1980,  “Deer  forage  in  a  burned  and  bumed-thinned  pine 
plantation,*  pp  476-481  in  Proceedings  Annu.  Conf.  of  the  Southeastern  Assoc,  of  Fish  and 
Wildlife  Agencies ,  vol  34. 

Hurst,  GA.,  and  B.D.  Stringer,  Jr.,  1976,  “Food  habits  of  wild  turkey  poults  in  Mississippi,*  pp  76- 
85  in  L.K  Halls,  Ed.,  Proceedings  of  the  Third  National  Wild  Turkey  Symposium ,  San 
Antonio,  TX. 

Hurst,  GA,  and  R.C.  Warren,  1982,  “Deer  forage  in  13-year-old  commercially  thinned  and  burned 
loblolly  pine  plantations,*  pp  420-426  in  Proceedings  Annu.  Conf.  of  the  Southeastern 
Assoc,  of  Fish  and  Wildlife  Agencies,  vol  36. 

Ivey,  T.L.,  and  M.K  Causey,  1984,  “Response  of  white-tailed  deer  to  prescribed  Ere,”  Wildlife 
Society  Bulletin,  vol  12,  pp  138-141. 

Jacobson,  H.A.,  D.C.  Guynn,  and  SP  Mott,  1981,  “Investigations  to  improve  the  management  of 

white-tailed  deer  in  Mississippi,*  Final  Project  Report,  Federal  Aid  in  Wildlife  Restoration 
Project  W-48-24,  25,  26, 27. 

Jacobson,  HA.,  and  G.A.  Hurst,  1979,  “Prevalence  of  parasitism  by  Amblyomma  americanum  on 
wild  turkey  poults  as  influenced  by  prescribed  burning,*  Journal  of  Wildlife  Diseases  vol 
15,  pp  43-45. 


Jeter,  L.K.,  1961,  “Swamp  cyrilla,”  p  20  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants  of 
Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest  Experiment 
Stations. 


60 


ERDC/CERL  TR-03-13 


Johnson,  A.L.,  1961  “Large  gallberry,  dahoon,  possumhaw,”  p  30  in  L.K.  Halls,  and  T.H.  Ripley, 
Eds.,  Deer  Browse  Plants  of  Southern  Forests,  USDA,  Forest  Service,  Southern  and 
Southeastern  Forest  Experiment  Stations. 


Johnson,  A.S.,  PE.  Hale,  W.M.  Ford,  J.M.  Wentworth,  J.R.  French,  OF.  Anderson,  and  G.B.  Pullen, 
1995,  “White-tailed  deer  foraging  in  relation  to  successional  stage,  overstory  type  and 
management  of  southern  Appalachian  forests,”  American  Midland  Naturalist,  vol  133, 
pp  18-35. 


Johnson,  A.S.,  and  J.L.  Landers,  1978,  “Fruit  production  in  slash  pine  plantations  in  Georgia,” 
Journal  of  Wildlife  Management,  vol  42,  pp  606-613. 


Johnson,  F.M.,  1961,  “Flowering  dogwood,”  p  16  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse 
Plants  of  Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 

Jones,  EP ,  Jr.,  1988,  “Changes  in  vegetation  under  four  burning  regimes,”  pp  389-393  in  Proc.  5th 
Biennial  Southern  Silviculture  Research  Conference  (Memphis,  TN),  General  Technical 
Report  SO-74,  USDA,  Forest  Service,  Southeastern  Forest  Experiment  Station. 

Kayll,  A.J.,  1968,  The  role  of  fire  in  the  boreal  forest  of  Canada,  Petawawa  Forest  Experiment 
Station,  INF  Rep  PS-X-7,  Canadian  Forest  Service,  Chalk  River,  Ontario. 


Kellogg,  F.E.,  A.K.  Prestwood,  R.R.  Gerrish,  and  G.L.  Doster,  1969,  “Wild  turkey  ectoparasites 
collected  in  the  southeastern  United  States,”  Journal  of  Medical  Entomology,  vol  6, 
pp  329-330. 

Kellogg,  F.E.,  TP  Kistner,  R.K  Strickland,  and  R.R.  Gerrish,  1971,  “Arthropod  parasites  collected 
from  white-tailed  deer,”  Journal  of  Medical  Entomology,  vol  8,  no.  5,  pp  495-498. 


Kennamer,  J.E.,  J.R.  Gwaltney,  and  K.R.  Sims,  1980,  “Food  habits  of  the  eastern  wild  turkey  on  an 
area  intensively  managed  for  pine  in  Alabama,”  pp  246-250  in  J.M.  Sweeny,  Ed., 
Proceedings  of  the  Fourth  National  Wild  Turkey  Symposium,  Little  Rock,  AR. 


Klein,  D.R.,  1970,  “Food  selection  by  North  American  deer  and  their  response  to  over-utilization  of 
preferred  plant  species,”  pp  25-46  in  British  Ecological  Society  Symposium,  vol  10. 

Knapp,  A.K.  and  T.R.  Seastedt,  1986,  “Detritus  accumulation  limits  productivity  of  tallgrass 
prairie,”  BioScience,  vol  36,  pp  662-668. 

Knopf,  F.L.  and  J  A.  Sedgwick,  1992,  “An  experimental  study  of  nest-site  selection  by  Yellow 
Warblers,”  Condor,  vol  94,  pp  734-742. 


Korschgen,  L.J.,  1967,  “Feeding  habits  and  food,”  in  O.H.  Hewitt,  Ed.,  The  Wild  Turkey  and  its 
Management,  The  Wildlife  Society. 

Krai,  R.,  1961,  “Sweet  pepperbush,”  p  12  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants 
of  Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 


ERDC/CERL  TR-03-13 


61 


Kruse,  A.D.,  and  J.L.  Piehl,  1986,  “The  impact  of  prescribed  burning  on  ground-nesting  birds,” 
pp  153-156  in  Proceedings  of  the  North  American  Prairie  Conference,  vol  9. 


Landers,  J.L.,  1981,  “The  role  of  fire  in  bobwhite  quail  management,”  pp  73-80  in  G.W.  Wood,  Ed., 
Prescribed  Fire  and  Wildlife  in  Southern  Forests:  Proceedings  of  a  Symposium,  The  Belle 
W.  Baruch  Forest  Science  Institute  of  Clemson  University,  Georgetown,  SC. 

Landers,  J.L.,  1987,  “Prescribed  burning  for  managing  wildlife  in  southeastern  pine  forests,”  pp  19- 
27  in  J.G.  Dickson  and  O.E.  Maughan,  Eds.,  Managing  Southern  Forests  for  Wildlife  and 
Fish,  General  Technical  Report  SO-65,  USDA,  Forest  Service,  Southern  Forest 
Experiment  Station. 

Landers,  J.L.,  1990,  “Wild  food  plants  used  by  upland  game  birds  in  the  southeast,”  pp  4-6  in  C. 

Kyser,  D.C.  Sisson,  and  J.L.  Landers,  Eds.,  Proceedings  Tall  Timbers  Game  Bird  Seminar, 
Tall  Timbers  Association,  Tallahassee,  FL. 

Landers,  J.L.,  and  A.S.  Johnson,  1976,  Bobwhite  quail  food  habits  in  the  southeastern  United 
States  with  a  seed  key  to  important  foods,  Miscellaneous  Publication  #4,  Tall  Timbers 
Research  Station,  Tallahassee,  FL. 

Landers,  J.L.,  and  B.S.  Mueller,  1986,  Bobwhite  quail  management:  a  habitat  approach, 
Miscellaneous  Publication  No.  6,  Tall  Timbers  Research  Station  Tallahassee,  FL. 

Landers,  J.L.,  NA.  Byrd,  and  R.  Komarek,  1990,  “A  holistic  approach  to  managing  longleaf  pine 
communities,”  pp  135-167  in  R.M  Farrar,  Ed.,  Proceedings  of  the  Symposium  on  the 
Management  of  Longleaf  Pine,  USDA  Forest  Service  Southern  Forest  Experiment  Station 
General  Technical  Report  50-75,  New  Orleans,  LA. 

T.nngdnn;  O.G.,  1981,  “Some  effects  of  prescribed  fire  on  understory  vegetation  in  loblolly  pine 

stands,”  pp  143-153  in  G.W.  Wood,  Ed.,  Prescribed  Fire  and  Wildlife  in  Southern  Forests: 
Proceedings  of  a  Symposium,  The  Belle  W.  Baruch  Forest  Science  Institute  of  Clemson 
University,  Georgetown,  SC. 

Latham,  R.M.,  1939,  “Pennsylvania’s  wild  turkey  range,”  Pennsylvania  Game  News,  vol  10,  pp  3-6. 

Lay,  D.W.,  1956,  “Effects  of  prescribed  burning  on  forage  and  mast  production  in  southern  pine 
forests,”  pp  55-60  in  Proceedings  of  the  Southeastern  Association  of  Game  and  Fish 
Commissioners,  vol  9. 

Lay,  D.W.,  1957,  “Browse  quality  and  the  effects  of  prescribed  burning,”  Journal  of  Forestry,  vol  55, 
pp  342-345. 

Lay,  D.W.,  1961a,  “American  beautyberry,”  p  4  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse 
Plants  of  Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 

Lay,  D.W.,  1961b,  “Yaupon,”  p  28  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants  of 

Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest  Experiment 
Stations. 


62 


ERDC/CERL  TR-03-13 


Lay,  D.W .,  1965,  “Fruit  utilization  by  deer  in  southern  forests,”  Journal  of  Wildlife  Management , 
vol  29,  no.  2,  pp  370-375. 

Lay,  D.W .,  1967a,  “Browse  palatability  and  the  effects  of  prescribed  burning  in  southern  pine 
forests,”  Journal  of  Forestry,  vol  65,  pp  826-828. 


Lay,  D.W .,  1967b,  “The  importance  of  variety  to  southern  deer,”  pp  57-62  in  Proc.  Annu.  Conf  of 
the  Southeastern  Assoc,  of  Game  and  Fish  Commissioners ,  vol  18. 

Lay,  D.W .,  1977,  “Dewberries,  Blackberries,  and  Raspberries /Rubus  spp ,”  in  L.K.  Halls,  Ed., 

Southern  Fruit-producing  Woody  Plants  Used  by  Wildlife ,  General  Technical  Report  SO- 
16,  USDA,  Forest  Service. 

Lemon,  PC.,  1967,  “Effects  of  fire  on  herbs  of  the  southeastern  United  States  and  central  Africa” 
pp  113-127  in  Tall  Timbers  Fire  Ecology  Conference  Proceedings ,  vol  6. 

Leonard,  R.G.,  1977,  “Sassafras  /  Sassafras  albidum  (Nutt.)  Nees.,”  p  91  in  L.K.  Halls,  Ed. 

Southern  Fruit-Producing  Woody  Plants  Used  by  Wildlife ,  General  Technical  Report  SO- 
16,  USDA,  Forest  Service. 

Lewis,  C.E.,  1964,  “Forage  response  to  month  of  burning,”  Research  Note  SE-35,  USDA,  Forest 
Service. 

Lewis,  C.E.,  and  T.J.  Harshbarger,  1976,  “Shrub  and  herbaceous  vegetation  after  20  years  of 

prescribed  burning  in  the  South  Carolina  coastal  plain,”  Journal  of  Range  Management , 
vol  29,  pp  13-18. 

Lewis,  C.E.,  G.W .  Tanner  and  W.S.  Terry,  1988,  “Plant  responses  to  pine  management  and 

deferred-rotation  grazing  in  north  Florida,”  Journal  of  Range  Management ,  vol  41,  no.  6, 
pp  460-465. 

Lewis,  J.B.,  1992,  “Eastern  turkey  in  midwestem  oak-hickory  forests,”  pp  286-305  in  J.G.  Dickson, 
Ed.,  The  Wild  Turkey:  Biology  and  Management ,  Stackpole  Books,  Harrisburg,  PA. 

Lewis,  J.C.,  1964,  “Populations  of  wild  turkeys  in  relation  to  fields,”  pp  48-56  in  Proc.  Southeast 
Assoc .  Game  Fish  Comm.,  vol  18. 

Lindzey,  J.S.,  1967,  “Highlights  of  management,”  in  O.H.  Hewitt,  Ed.,  The  Wild  Turkey  and  its 
Management ,  The  Wildlife  Society. 

Little,  T.W.,  1980,  “Wild  turkey  restoration  in  “marginal”  Iowa  habitats,”  pp  45-60  in  Proceedings 
of  the  National  Wild  Turkey  Symposium ,  vol  4. 

Lotti,  T.,  RA.  Klawitter,  and  WP  LeGrande,  1960,  “Prescribed  burning  for  understory  control  in 
loblolly  pine  stands  of  the  coastal  plain,”  Station  Paper  116,  USDA,  Forest  Service, 
Southeastern  Forest  Experiment  Station. 

Loveless,  C.M.,  1959,  The  Everglades  deer  herd ,  life  history  and  management,  Technical  Bulletin 
No.  6,  Florida  Game  and  Fresh  Water  Fish  Commissioners. 


ERDC/CERL  TR-03-13 


Lutz,  R.S.  and  JA.  Crawford,  1987,  “Reproductive  success  and  nesting  habitat  of  Merriam’s  wild 
turkeys  in  Oregon,”  Journal  of  Wildlife  Management,  vol  51,  pp  783-787. 


Lyon,  L.J.,  H.S.  Crawford,  E.  Czuhai,  R.L.  Fredriksen,  RF.  Harlow,  L.J.  Metz,  and  HA.  Pearson, 
1978,  Effects  of  fire  on  fauna.  General  Technical  Report  WO-6,  USDA,  Forest  Service. 

Marchinton,  R.L.,  and  D.H.  Hirth,  1984,  “Behavior,”  pp  129-168  in  L.K.  Halls,  Ed.,  White-tailed 
Deer:  Ecology  and  Management,  Stackpole  Books,  Harrisburg,  PA 

Martin,  R.E.,  and  C.T.  Cushwa,  1966,  “Effects  of  heat  and  moisture  on  leguminous  seed,”  pp  159- 
175  in  Proceedings  Tall  Timbers  Fire  Ecology  Conference,  vol  5. 

Martin,  R.E.  and  R.G.  Mitchell,  1980,  “Possible,  potential,  probable,  and  proven  fire-insect 

interactions,”  pp  138-144  in  Land-Use  Allocation:  Processes,  People,  Politics,  Professions. 
Proc.  Natl.  Conv,.  Soc.  Am.  For.,  Spokane,  WA. 

Martin,  T.E.,  1988,  “Habitat  and  area  effects  on  forest  bird  assemblages:  is  nest  predation  an 
influence?”  Ecology,  vol  2,  pp  74-84. 

Martin,  T.E.,  1993,  “Nest  predation  among  vegetation  layers  and  habitat  types:  revising  the 
dogmas,”  American  Naturalist,  vol  141,  pp  897-913. 

Martin,  T.E.  and  J.J.  Roper,  1988, “Nest  predation  and  nest  site  selection  of  a  wstem  population  of 
the  hermit  thrush,”  Condor,  vol  90,  pp  51-57. 

Massey,  A.B.,  1961,  “Red  Maple,”  p  2  in  L.K  Halls  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants  of 
Southern  Forests,  USDA  Forest  Service,  Southern  and  Southeastern  Forest  Experiment 
Stations. 

Mather,  T.N.,  D.C.  Duffy,  and  S.R.  Campbell,  1993,  “An  unexpected  result  from  burning  vegetation 
to  reduce  lyme  disease  transmission  risks,”  Journal  of  Medical  Entomology,  vol  30, 
pp  642-645. 

McCoy,  E.D.  and  B.W.  Kaiser,  1990,  “Changes  in  foraging  activity  of  the  southern  harvester  ant 
Pogonomyrmex  badius  (Latreille)  in  response  to  fire,”  American  Midland  Naturalist,  vol 
123,  pp  112-123. 

McCullough,  D.G.,  RA.  Werner,  and  D.  Neumann,  1998,  “Fire  and  insects  in  northern  and  boreal 
forest  ecosystems  of  North  America,”  Annual  Review  of  Entomology,  vol  43,  pp  107-127. 

McGee,  G.G.,  D.J.  Leopold,  and  R.D.  Nyland,  1995,  “Understory  response  to  springtime  prescribed 
fire  in  two  New  York  transition  oak  forests,”  Forest  Ecology  and  Management,  vol  76, 
pp  149-168. 

McRae,  W.A.,  J.L.  Landers,  and  J.L.  Buckner,  1979,  “Importance  of  habitat  diversity  in  bobwhite 
management,”  pp  127-135  in  Proc.  Ann.  Conf.  Southeastern  Assoc.  Fish  &  Wildl.  Agencies, 
vol  33. 

Metzler,  R.,  and  D.W.  Speake,  1985,  “Wild  turkey  poult  mortality  rates  and  their  relationship  to 
brood  habitat  structure  in  northeast  Alabama,”  Proceedings  of  the  Fifth  National  Wild 
Turkey  Symposium,  pp  103-112. 


64 


ERDC/CERL  TR-03-13 


Mitchell,  R.G.,  1990,  “Effects  of  prescribed  fire  on  insect  pests,"  in  J.D.  Walstad,  S.R.  Radosevich, 
D.V .  Sandberg,  Eds.,  Natural  and  Prescribed  Fire  in  Pacific  Northwest  Forests,  Oregon 
State  Univ.  Press,  Corvallis,  OR. 

Mobley,  H.E.,  1982,  “Prescribed  burning  reduces  fire  hazard,  promotes  regeneration  and  wildlife 
habitat,"  Forest  Farmer,  vol  41,  pp  6-7, 16-16. 

Moore,  W.H,  1967,  “Effects  of  certain  prescribed  fire  treatments  on  the  distribution  of  some 

herbaceous  quail  food  plants  in  loblolly-shortleaf  pine  communities  of  the  Alabama  Upper 
Coastal  Plain,”  pp  349-351  in  Proc.  Ann.  Conf.  Southeastern  Assoc.  Game  and  Fish 
Commissioners,  vol  11. 

Moore,  W.H.,  1961,  “Blackgum,”  p  42  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants  of 
Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest  Experiment 
Stations. 

Moore,  W.H.,  1972,  “Managing  bobwhites  in  the  cutover  pinelands  of  south  Florida,”  pp  56-65  in 
JA.  Morrison  and  J.C.  Lewis,  Eds.,  Proceedings  of  the  First  National  Bobwhite  Quail 
Symposium,  Oklahoma  State  University  Research  Foundation,  Stillwater,  OK. 

Moore,  W.H.,  BF .  Swindel  and  W.S.  Terry,  1982,  “Vegetative  response  to  prescribed  fire  in  a 

northern  Florida  flatwoods  forest,”  Journal  of  Range  Management,  vol  35,  no.  3,  pp  386- 
389. 

Mosby,  H.S.,  and  C.O.  Handley,  1943,  The  wild  turkey  in  Virginia:  its  status,  life  history  and 

management,  Pittman-Robertson  Projects,  Division  of  Game,  Commission  of  Game  and 
Inland  Fisheries. 

Mueller,  B.S.,  J.B.  Atkinson,  Jr.,  and  T.  DeVos,  1989,  “Evaluation  of  post-fire  cover  to  mortality  of 
northern  bobwhites,”  pp  254  in  C.J.  Amlaner,  Jr.,  Ed.,  Biotelemetry  X.  Proceedings  of  the 
10th  International  Symposium  on  Biotelemetry,  University  of  Arkansas  Press, 
Fayetteville,  AR. 

Mumaw,  D.K.,  1965,  Evaluation  of  prescribed  burning  in  relation  to  available  deer  browse,  M.S. 
Thesis,  Virginia  Polytechnical  Institute. 

Murphy,  D .A.,  and  J A.  Coates,  1966,  “Effects  of  dietary  protein  on  deer,”  North  American  Wildlife 
and  Natural  Resources  Conf.  Transactions,  vol  31,  pp  129-138. 


Myers,  R.,  and  S.  Boettcher,  1987,  “Flowering  response  of  cutthroat  grass  ( Panicum  abscissum) 
following  fire,”  Bulletin  of  the  Ecological  Society  of  America,  vol  68,  p  375. 

Nagel,  H.G.,  1973,  “Effects  of  spring  prairie  burning  on  herbivorous  and  non-herbivorous 

arthropod  populations,”  Journal  of  the  Kansas  Entomological  Society,  vol  46,  pp  485-496. 

Nagel,  H.G.,  RA.  Nicholson,  andA.A.  Steuter,  1994,  “Management  effects  on  Willa  Cather  Prairie 
after  17  years,”  Prairie  Naturalist,  vol  26,  pp  241-249. 

Nestler,  R.B.,  W.W .  Bailey,  M.J.  Rensberger,  and  M.Y.  Benner,  1944,  “Protein  requirements  of 
breeding  bobwhite  quail,”  Journal  of  Wildlife  Management,  vol  8,  pp  284-289. 


ERDC/CERL  TR-03-13 


65 


Newsom,  J.D.,  1984,  “Coastal  plain,”  pp  367-380  in  L.K.  Halls,  Ed.,  White-tailed,  Deer:  Ecology  and 
Management,  Stackpole  Books,  Harrisburg,  PA. 

Niering,  W  A.  and  G.D.  Dreyer,  1989,  “Effects  of  prescribed  burning  on  Andropogon  scoparius  in 

postagricultural  grasslands  in  Connecticut,”  American  Midland  Naturalist,  vol  122,  pp  88- 

102. 

Nuzzo,  V.,  W.  McClain,  T.  Strole,  1996,  “Fire  impact  on  groundlayer  flora  in  a  sand  forest  1990- 
1994,”  The  American  Midland  Naturalist,  vol  136,  no.  4,  pp  207-221. 

Challoran,  K.A.,  R.M.  Blair,  R.  Alcaniz,  and  HP.  Morris,  Jr.,  1987,  “Prescribed  burning  effects  on 
production  and  nutrient  composition  of  fleshy  fungi,”  Journal  of  Wildlife  Management,  vol 
51,  no.  1,  pp  258-262. 

Oldenburg,  P,  1987,  “Managing  for  white-tails,”  Florida  Wildlife,  vol  41,  pp  28-30. 

Pearson,  A.M.,  1943,  “White-tails  like  acorns ,”  Alabama  Conservation,  vol  15,  pp  8-9, 12. 

Pearson,  A.M.,  and  C.S.  Burnett,  1940,  “Deer  food  in  the  Black  Warrior  National  Forest,”  Alabama 
Game  and  Fish  News,  vol  11,  pp  3-4. 

Platt,  W.J.,  G.W.  Evans,  and  M.M.  Davis,  1988,  “Effects  of  fire  season  on  flowering  of  forbs  and 
shrubs  in  longleaf  pine  forests,”  Oecologia,  vol  76,  pp  353-363. 

Porter,  S.D.  and  C.D.  Jorgensen,  1981,  “Foragers  of  the  harvester  ant  Pogonmyrmex  owyheei :  a 
disposable  caste?  Behav.  Ecol.  Sociobiol.,  vol  9,  pp  247-256. 

Powell,  J.A.,  1967,  “Management  of  the  Florida  turkey  and  the  eastern  turkey  in  Georgia  and 
Alabama,”  pp  409-452  in  O.H.  Hewitt,  Ed.,  The  Wild  Turkey  and  its  Management,  The 
Wildlife  Society. 

Prestwood,  A.K.,  F.E.  Kellogg,  and  G.L.  Doster,  1973,  “Parasitism  and  disease  among  southeastern 
wild  turkeys,”  pp  159-167  in  G.C.  Sanderson,  and  H.C.  Schultz,  Eds,  Wild  Turkey 
Management  Current  Problems  and  Programs,  The  Missouri  Chapter  of  the  Wildlife 
Society  and  University  of  Missouri  Press. 

Pyle,  W.H.,  and  JA.  Crawford,  1996,  “Availability  of  foods  of  sage  grouse  chicks  following 

prescribed  fire  in  sage-brush-bitterbrush,”  Journal  of  Range  Management,  vol  49,  no.  4,  pp 
320-324. 

Ransom,  D.,  Jr.,  O.J.  Rongstad,  and  D.H.  Rusch,  1987,  “Nesting  ecology  of  Rio  Grande  turkeys,” 
Journal  of  Wildlife  Management,  vol  51,  pp  435-439. 

Rayboume,  R.L.,  1968,  “Telemetry  of  wild  turkey  movements,”  Proc.  Southeast.  Assoc.  Game  Fish 
Comm.,  vol  22,  pp  47-54. 

Reid,  V.H.,  and  PD.  Goodrum,  1979,  “Winter  feeding  habits  of  quail  in  longleaf-slash  pine  habitat,” 
Special  Scientific  Report,  Wildlife  No.  220,  U.S.  Department  of  the  Interior. 


66 


ERDC/CERL  TR-03-13 


Renwald,  J.D.,  HA  Wright,  and  J.T.  Flinders,  1978,  “Effect  of  prescribed  fire  on  bobwhite  quail 
habitat  in  the  rolling  plains  of  Texas,”  Journal  of  Range  Management ,  vol  31,  pp  65-69. 

Rice,  LA.,  1932,  “The  effect  of  fire  on  the  prairie  animal  communities, ”  Ecology,  vol  13,  pp  392-401. 


Rich,  R.,  1961,  “Yellow  jessamine,”  p  24  in  L.K  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse  Plants  of 
Southern  Forests ,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest  Experiment 
Stations. 


Riley,  T.Z.,  CA.  Davis,  M.  Ortiz,  and  M.J.  Wisdom,  1992,  “Vegetative  characteristics  of  successful 
and  unsuccessful  nests  of  lesser  prairie  chicken,”  Journal  of  Wildlife  Management ,  vol  56, 
pp383-387. 

Robbins,  L.E.,  and  R.L.  Myers,  1992,  Seasonal  effects  of  prescribed  burning  in  Florida:  a  review , 
Miscellaneous  Publication  No.  8,  Tall  Timbers  Research  Station,  Tallahassee,  FL. 


Robinson,  R.M.,  K.L.  Kuttler,  J.W.  Thomas,  and  R.G.  Marburger,  1967,  “Theileriasis  in  Texas 
white-tailed  deer,”  Journal  of  Wildlife  Management ,  vol  31,  no.  3,  pp  455-459. 

Rogers,  A.J.,  1953,  A  study  of  the  Izodid  ticks  of  northern  Florida ,  including  the  biology ,  and  life 
history  of  Ixodes  scapularis  Say  (Ixodidae:  Acarina),  Ph.D.  dissertation,  University  of 
Maryland. 

Rogers,  A.J.,  1955,  “The  abundance  of  Ixodes  scapularis  Say  as  affected  by  burning,”  Florida 
Entomologist ,  vol  38,  pp  17-20. 

Rosene,  W.,  1969,  The  bobwhite  quail:  its  life  and  management ,  Rutgers  University  Press. 

Rosene,  W.J.,  and  J.D.  Freeman,  1988,  A  guide  to  and  culture  of  flowering  plants  and  their  seed 
important  to  bobwhite  quail ,  Morris  Communications  Corp. 


Rumble,  M.A.  and  RA.  Hodorff,  1993,  “Nesting  ecology  of  Merriam’s  turkeys  in  the  Black  Hills, 
South  Dakota,”  Journal  of  Wildlife  Management ,  vol  57,  pp  789-801. 

Schmutz,  JA.,  C.E.  Braun,  and  WE.  Andelt,  1989,  “Nesting  habitat  use  of  Rio  Grande  wild 
turkeys,”  Wilson  Bulletin ,  vol  101,  pp  591-598. 

Schorger,  AW .,  1966,  The  wild  turkey  its  history  and  domestication ,  University  of  Oklahoma  Press. 


Schroeder,  R.L.,  1985,  Habitat  suitability  index  models:  eastern  wild  turkey ,  Biol.  Rep.  82,  U.S. 
Fish  and  Wildlife  Service. 


Seiss,  R.S.,  PS.  Phalen,  and  G.A.  Hurst,  1990,  “Wild  turkey  nesting  habitat  and  success  rates,”  pp 
44-50  in  W.H.  Healy  and  G.B.  Healy,  Eds.,  Proceedings  of  the  Sixth  National  Wild  Turkey 
Symposium ,  Charleston,  SC. 


Sermons,  W.O.,  and  D.W .  Speake,  1987,  “Production  of  second  broods  by  Northern  Bobwhites,5 
Wilson  Bulletin ,  vol  99,  pp  285-286. 


ERDC/CERL  TR-03-13 


67 


Sharpe,  T.,  and  P  Curtis,  1988,  “Quail  management  in  sandhill  habitats:  problems  and  solutions," 
pp  9-15  in  C.  Kyser,  J.L.  Landers,  and  B.S.  Mueller,  Eds.,  Proceedings  Tall  Timbers  Game 
Bird  Seminar,  Tall  Timbers  Association,  Tallahassee,  FL. 

Shrauder,  PA.,  and  HA.  Miller,  1969,  “The  effects  of  prescribed  burning  on  deerfood  and  cover,”  pp 
81-84  in  White-tailed  Deer  in  Southern  Forest  Habitat  Proceedings  of  a  Symposium  at 
Nacogdoches,  Texas,  USDA,  Forest  Service,  Southern  Forest  Experiment  Station. 

Siefken,  DA.,  1991,  An  investigation  of  the  effects  of  annual  and  biennial  prescribed  bums  on  lone 
star  tick  populations  in  central  Georgia,  M.S.  Thesis,  University  of  Georgia. 

Siemann,  E.,  J.  Haarstad,  and  D.  Tilman,  1997,  “Short-term  and  long-term  effects  of  burning  on 
naV  savanna  arthropods,”  American  Midland  Naturalist,  vol  137,  pp  349-361. 

Simpson,  R.C.,  1972a,  “A  study  of  bobwhite  quail  nest  initiation  dates,  clutch  sizes,  and  hatch  sizes 
in  southwest  Georgia,"  pp  199-204  in  J.A.  Morrison,  and  J.C.  Lewis,  Eds.,  Proceedings  of 
the  First  National  Bobwhite  Quail  Symposium,  Oklahoma  State  University  Research 
Foundation,  Stillwater,  OK. 

Simpson,  R.C.,  1972b,  “Relationship  of  post-bum  intervals  to  the  incidence  and  success  of 

bobwhite  nesting  in  southwest  Georgia,”  pp  150-158  in  JA.  Morrison,  and  J.C.  Lewis, 

Eds.,  Proceedings  of  the  First  National  Bobwhite  Quail  Symposium,  Oklahoma  State 
University  Research  Foundation,  Stillwater,  OK 

Sisson,  D.C.,  1991,  Wild  turkey  brood  habitat  management  in  fire-type  pine  forests,  M.S.  Thesis, 
Auburn  University. 

Sisson,  D.C.,  D.W.  Speake,  and  J.L.  Landers,  1991,  “An  incidence  of  second  brood  production  by  an 
eastern  wild  turkey,”  Wilson  Bulletin,  vol  103,  pp  303-305. 

Sisson,  D.C.,  D.W.  Speake,  J.L.  Landers,  and  J.L.  Buckner,  1990,  “Effects  of  prescribed  buming.on 
wild  turkey  habitat  preference  and  nest  site  selection  in  south  Georgia,”  pp  44-50  in  W .M. 
Healy,  and  G.B.  Healy,  Eds.,  Proceedings  of  the  Sixth  National  Wild  Turkey  Symposium, 
Charleston,  SC. 

Smith,  C.N.,  M.M  Cole  and  H.K  Gouck,  1946,  Biology  and  control  of  the  American  dog  tick,  U.S. 
Dept,  of  Agriculture  Technical  Bulletin,  vol  905,  pp  1-72. 

Smith,  D.R.,  GA.  Hurst,  J.D.  Burk,  B.D.  Leopold,  and  MA.  Melchiors,  1990,  “Use  of  loblolly  pine 
plantations  by  wild  turkey  hens  in  east-central  Mississippi,”  pp  61-66  in  W.M.  Healy,  and 
G.B.  Healy,  Eds.,  Proceedings  of  the  Sixth  National  Wild  Turkey  Symposium,  Charleston, 
SC. 

Smith,  R.L.,  and  J.L.  Coggin,  1984,  “Basis  and  role  of  management,”  pp  571-600  in  L.K  Halls,  Ed., 
White-tailed  Deer:  Ecology  and  Management,  Stackpole  Books,  Harrisburg,  PA. 

Smith,  WP,  and  R.D.  Teitelbaum,  1986,  “Habitat  use  by  eastern  wild  turkey  hens  in  southeastern 
Louisiana,”  Proc.  Southeastern  Assoc,  of  Fish  and  Wildlife  Agencies,  vol  40,  pp  405-415. 


ERDC/CERL  TR-03-13 


Speake,  D.W.,  1961,  “Common  sweetleaf,”  p  68  in  L.K.  Halls,  and  T.H.  Ripley,  Eds.,  Deer  Browse 
Plants  of  Southern  Forests,  USDA,  Forest  Service,  Southern  and  Southeastern  Forest 
Experiment  Stations. 

Speake,  D.W .,  1966,  “Effects  of  controlled  burning  on  bobwhite  quail  populations  and  habitat  of  an 
experimental  area  in  the  Alabama  Piedmont,”  pp  19-32  in  Proc.  Ann.  Conf.  Southeastern 
Assoc.  Game  and  Fish  Commissioners,  vol  20. 

Speake,  D.W .,  EP  Hill,  and  V.E.  Carter,  1975,  “Aspects  of  land  management  with  regard  to 
production  of  wood  and  wildlife  in  the  southeastern  United  States,”  pp  333-349  in  B. 
Benner,  and  C.H.  Winget,  Eds.,  Forest  Soils  and  Forest  Land  Management  Proceedings  of 
the  Fourth  North  American  Soils  Conf.,  Les  Presses  de  L’universite,  Laval,  Quebec. 


Speake,  D.W.,  T.E.  Lynch,  W.J.  Fleming,  G.A.  Wright,  and  W.J.  Hamrick,  1975,  “Habitat  use  and 
seasonal  movements  of  wild  turkeys  in  the  southeast,”  pp  122-130  in  L.K.  Halls,  Ed., 
Proceedings  of  the  Third  National  Wild  Turkey  Symposium,  San  Antonio,  TX. 

Springer,  M.D.,  1977,  “The  effects  of  prescribed  burning  on  browse,  forbs  and  mast  in  a  Texas  live 
oak  savannah,”  pp  188-198  in  Proceedings  Annu.  Conf.  of  the  Southeastern  Assoc,  of  Fish 
and  Wildlife  Agencies,  vol  31. 

Stanford,  JA.,  1972,  “Second  broods  in  bobwhite  quail,”  pp  21-27  in  JA.  Morrison,  and  J.C.  Lewis, 
Eds.,  Proceedings  of  the  First  National  Bobwhite  Quail  Symposium,  Oklahoma  State 
University  Research  Foundation,  Stillwater,  OK 


Steele,  B.B.,  1993,  “Selection  of  foraging  and  nesting  sites  by  black-throated  warblers:  their 
relative  influence  on  habitat  choice,”  Condor,  vol  95,  pp  568-579. 


Still,  H.R.,  Jr.,  and  DP  Baumann,  Jr.,  1990,  “Wild  turkey  nesting  ecology  on  the  Francis  Marion 
National  Forest,”  pp  13-17,  in  W.M.  Healy,  and  G.B.  Healy,  Eds.,  Proceedings  of  the  Sixth 
National  Wild  Turkey  Symposium,  Charleston,  SC. 

Stoddard,  H.L.,  Sr.,  1963,  “Bird  habitat  and  fire,”  pp  163-175  in  Proceedings  of  the  2nd  Annual  Tall 
Timbers  Fire  Ecology  Conference,  vol  2. 

Stoddard,  H.L.,  Sr.,  1963,  Maintenance  and  increase  of  the  eastern  wild  turkey  on  private  lands  of 
the  coastal  plain  of  the  deep  southeast,  Tall  Timbers  Research  Station  Bulletin  #3, 
Tallahassee,  FL. 


Stoddard,  H.L.,  Sr.,  1931,  The  bobwhite  quail:  its  habits,  preservation  and  increase,  C.  Scribner’s 
Sons. 


Stoddard,  H.L.,  Sr.,  1935,  “Use  of  controlled  fire  in  southeastern  upland  game  management,” 
Journal  of  Forestry,  vol  33,  pp  346-351. 


Stoddard,  H.L.,  Sr.,  1962,  “Use  of  fire  in  pine  forests  and  game  lands  of  the  deep  southeast,”  pp  31- 
42  in  Proceedings  of  the  First  Ann.  Tall  Timbers  Fire  Ecology  Conf.,  vol  1. 

Stransky,  J.J.,  J.N.  Hale,  and  L.K  Halls,  1976,  “Nutrient  content  and  yield  of  burned  or  mowed 
Japanese  honeysuckle,”  pp  403-406  in  Proceedings  Annu.  Conf.  of  the  Southeastern  Assoc, 
of  Game  and  Fish  Commissioners,  vol  29. 


ERDC/CERL  TR-03-13 


Stransky,  J.J.  and  L.K  Halls,  1979,  “Effects  of  a  winter  fire  on  fruit  yields  of  woody  plants,” 
Journal  of  Wildlife  Management,  vol  43,  pp  1007-1010. 

Stransky,  J.J.,  and  RF.  Harlow,  1981,  “Effects  of  fire  on  deer  habitat  in  the  southeast,”  pp  135-142 
in  G.W.  Wood,  Ed.,  Prescribed  Fire  and  Wildlife  in  Southern  Forests  Proceedings  of  a 
Symposium,  The  Belle  W.  Baruch  Forest  Science  Institute. 

Stribling,  H.L.,  and  D.W.  Speake,  1991,  Responses  ofbobwhite  quail  and  eastern  cottontail  rabbit 
populations  to  prescribed  burning,  cover  enhancement,  and  food  plots.  Final  Project 
Report,  Alabama  Game  and  Fish  Division. 

Strickland,  R.K.,  R.R.  Gerrish,  and  J.S.  Smith,  1981,  “Arthropods,”  pp  363-389  in  W.R.  Davidson, 
Ed.,  Diseases  and  Parasites  of  White-tailed  Deer,  Miscellaneous  Publication  No.  7,  Tall 
Timbers  Research  Station. 

Stringer,  B.D.,  Jr.,  1977,  Food  habits  and  behavior  of  wild  turkey  poults  in  east-central  Mississippi, 
M.S.  Thesis,  Mississippi  State  University. 

Stromayer,  K.A.,  R.J.  Warren,  A.S.  Johnson,  P.E.  Hale,  C.L.  Rogers,  and  C.L.  Tucker,  1998, 

“Chinese  privet  and  the  feeding  ecology  of  white-tailed  deer;  the  role  of  an  exotic  plant,” 

< Journal  of  Wildlife  Management,  vol  62,  no.  4,  pp  1321-1329. 

Sweeney,  J.M.,  C.R.  Wenger,  and  N.S.  Yoho,  1981,  “Bobwhite  quail  food  in  young  Arkansas  loblolly 
pine  plantations,”  Agricultural  Experiment  Station  Bulletin  852,  University  of  Arkansas, 
Fayetteville. 

Towne,  G.E.  and  A.K.  Knapp,  1996,  “Biomass  and  density  responses  in  tallgrass  prairie  legumes  to 
annual  fire  and  topographic  position,”  American  Journal  of  Botany,  vol  83,  no.  2,  pp  175- 
179. 

Vansant,  C.V.,  III,  1976,  Seasonal  Diet  of  the  Blackbeard  Island  white-tailed  deer,  M.S.  Thesis, 
University  of  Georgia. 

Verme,  L.J.,  1962,  “Mortality  of  white-tailed  deer  fawns  in  relation  to  nutrition,”  pp  15-38  in  Proc. 
National  White-tailed  Deer  Symposium,  vol  1. 

Verme,  L.J.,  1963,  “Effect  of  nutrition  on  growth  of  white-tailed  deer  fawns,”  North  American 
Wildlife  and  Natural  Resources  Conf.  Transactions,  vol  28,  pp  431-443. 

Verme,  L.J.,  and  D.E.  Ullrey,  1984,  “Physiology  and  nutrition,”  pp  91-118  in  L.K  Halls,  Ed.,  White¬ 
tailed  Deer:  Ecology  and  Management,  Stackpole  Books,  Harrisburg,  PA. 

Vogl,  R.J.,  1967,  “Controlled  burning  for  wildlife  in  Wisconsin,”  Tall  Timbers  Fire  Ecology  Conf. 
Proc.,  vol  6,  pp  47-96. 

Wade,  D.D.  and  R.W.  Johansen,  1986a,  “Relating  wildland  fire  to  defoliation  and  mortality  in 
pine,”  Proceedings  of  the  Fourth  Biennial  Southern  Silvicultural  Research  Conference, 
General  Technical  Report  SE-42,  USDA,  Forest  Service. 

Wade,  D.D.  and  R.W.  Johansen,  1986b,  Effects  of  fire  on  southern  pine:  observations  and 
recommendations.  General  Technical  Report  SE-41,  USDA,  Forest  Service. 


70 


ERDC/CERL  TR-03-13 


Wade,  D.D.  and  J .D.  Lunsford,  1989,  A  Guide  for  Prescribed  Fire  in  Southern  Forests,  Technical 
Publication  R8-TP  11,  USDA,  Forest  Service,  Southern  Region. 


Wade,  D.D.,  D.R.  Weise,  and  R.  Shell,  1989,  “Some  effects  of  periodic  winter  fire  on  plant 
communities  on  the  Georgia  piedmont,”  Proceedings  of  the  5th  Biennial  Southern 
Silviculture  Research  Conf.,  General  Technical  Report  SO-74,  USDA,  Forest  Service, 
Southern  Forest  Experiment  Station. 

Waldrop,  T.A.,  D.H.  Van  Lear,  F.T.  Lloyd,  and  W.R.  Harms,  1987,  Long-term  studies  of  prescribed 
burning  in  loblolly  pine  forests  of  the  Southeastern  Coastal  Plain,  General  Technical 
Report  SE-45,  USDA,  Forest  Service,  Southeastern  Forest  Experiment  Station. 


Waldrop,  TA..,  D.L.  White,  and  S.M.  Jones,  1992,  “Fire  regimes  for  pine-grassland  communities  in 
the  southeastern  United  States,”  Forest  Ecology  and  Management,  vol  47,  pp  195-210. 

Weber,  A.J.,  1975,  “Fall  and  winter  food  habits  of  the  bobwhite  quail  in  the  sandhills  of  North 
Carolina,”  pp  687-694  in  Proc.  Ann.  Conf.  Southeastern  Assoc.  Game  and  Fish 
Commissioners,  vol  29. 

Weise,  D.R.,  D.D.  Wade,  and  R.W .  Johansen,  1989,  “Survival  and  growth  of  young  southern  pine 
after  simulated  crown  scorch,”  pp  161-168  in  D.C.  Maclver,  H.  Auld,  and  R.  Whitewood, 
Eds.,  Proceedings  of  the  Tenth  Conference  on  Fire  and  Forest  Meteorology,  Ottawa, 
Canada. 


Wentworth,  J.M.,  A.S.  Johnson,  and  P.E.  Hale,  1990,  “Influence  of  acorn  use  on  nutritional  status 
and  reproduction  of  deer  in  the  southern  Appalachians,”  pp  142-154  in  Proceedings  Annu. 
Conf.  of  the  Southeastern  Assoc.  Fish  and  Wildlife  Agencies,  vol  44. 


Wentworth,  J.M..A.S.  Johnson,  and  PE.  Hale,  1992,  “Relationships  of  acorn  abundance  and  deer 
herd  characteristics  in  the  southern  Appalacians,”  Southern  Journal  of  Applied  Forestry, 
vol  16,  no.  1,  pp  5-8. 


Wheeler,  R.J.,  Jr.,  1948,  The  wild  turkey  in  Alabama,  Pittman-Robertson  Projects,  Alabama  Dept, 
of  Conservation,  Game  and  Seafoods  Division. 


Whittington,  R.W.,  1984,  “Piedmont  Plateau,”  pp  355-366  in  L.K.  Halls,  Ed.,  White-tailed  Deer: 
Ecology  and  Management,  Stackpole  Books,  Harrisburg,  PA. 


Williams,  L.E.,  Jr.,  1977a,  “Dwarf  live  oak  /  Quercus  minima  (Sarg.)  Small,”  in  L.K  Halls,  Ed., 
Southern  Fruit-producing  Woody  Plants  Used  by  Wildlife,  General  Technical  Report  SO- 
16,  USDA,  Forest  Service. 


Williams,  L.E.,  Jr.,  1977b,  “Running  oak  /  Quercus  pumila  Walt. ,”  L.K  Halls,  Ed.,  Southern  Fruit 
producing  Woody  Plants  Used  by  Wildlife,  General  Technical  Report  SO-16,  USDA,  Forest 
Service. 

Williams,  L.E.,  Jr.,  1981,  The  book  of  the  wild  turkey,  Winchester  Press. 


Williams,  L.E.,  Jr.,  and  D.H.  Austin,  1988,  Studies  of  the  wild  turkey  in  Florida,  Technical  Bulletin 
No.  10,  Bulletin  of  the  Florida  Game  and  Fresh  Water  Fish  Commission,  University  of 
Florida  Press. 


ERDC/CERL  TR-03-13 


71 


Williams,  L.E.,  Jr.,  D.H.  Austin,  and  T.E.  Peoples,  1976,  “The  breeding  potential  of  the  wild  turkey 
hen,”  pp  371-376  in  Proc.  Southeastern  Assoc .  of  Game  and  Fish  Commissioners ,  vol  30. 

Williams,  L.E.,  Jr.,  D.H.  Austin,  and  T.E.  Peoples,  1980,  “Turkey  nesting  success  on  a  Florida 

study  area,”  pp  102-107  in  Proceedings  of  the  Fourth  National  Wild  Turkey  Symposium , 
vol  4. 

Williams,  L.E.,  Jr.,  D.H.  Austin,  T.E.  Peoples,  and  R.W.  Phillips,  1973,”Observations  on  movement, 
behavior,  and  development  of  turkey  broods,”  in  G.C.  Sanderson,  and  H.C.  Schultz,  Eds., 
Wild  Turkey  Management  Current  Problems  and  Programs ,  The  Missouri  Chapter  of  the 
Wildlife  Society  and  University  of  Missouri  Press. 

Williams,  L.E.,  Jr.,  D.H.  Austin,  NF.  Eichholz,  T.E.  Peoples,  and  R.W.  Phillips,  1969,  “Game 

management  session,  a  study  of  nesting  turkeys  in  southern  Florida,”  pp  16-30  in  Proc. 
Annu .  Conf  of  Southeastern  Assoc.  Game  and  Fish  Comm.,  vol  22. 

Wilson,  C.W.,  R.E.  Masters,  and  GA.  Bukenhofer,  1995,  “Breeding  bird  response  to  pine-grassland 
community  restoration  for  red-cockaded  woodpeckers,”  Journal  of  Wildlife  Management , 
vol  59,  no.  1,  pp  56-67. 

Wilson,  M.L.,  1986,  “Reduced  abundance  of  adult  Ixodes  dammini  (Acari:  Ixodidae)  following 
destruction  of  vegetation,”  Journal  of  Economic  Entomology ,  vol  79,  no.  3,  pp  693-696. 

Wood,  G.W.,  1988,  “Effects  of  prescribed  fire  on  deer  forage  and  nutrients,”  Wildlife  Society 
Bulletin ,  vol  16,  pp  180-186. 

Wright,  HA.  and  A.W.  Bailey,  1982,  Fire  ecology  of  the  United  States  and  southern  Canada ,  John 
Wiley,  New  York,  NY. 

Yoho,  N.S.,  and  R.W.  Dimmick,  1972,  “Habitat  utilization  by  bobwhite  quail  during  winter,”  pp  90- 
99  in  JA.  Morrison,  and  J.C.  Lewis,  Eds.,  Proceedings  of  the  First  National  Bobwhite 
Quail  Symposium ,  Oklahoma  State  University  Research  Foundation,  Stillwater,  OK. 

Zimmer,  K.  and  R.R.  Parmenter,  1998,  “Harvester  ants  and  fire  in  a  desert  grassland:  ecological 

responses  of  Togonomyrmex  rugosus  (Hymenoptera:  Formiddae)  to  experimental  wildfires 
in  central  New  Mexico,”  Environmental  Entomology ,  vol  27,  no.  2,  pp  282-287. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  indudlng  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information.  Inducting  suggestions  for  redudng 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Hghway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  dsptav  a  currentlv 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1 .  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

06-2003  Final 

3.  DATES  COVERED  (From  -  To) 

4.  TITLE  AND  SUBTITLE 

Effects  of  Prescribed  Burning  on  Game  Species  in  the  Southeastern  United  States: 

A  Literature  Review 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5C.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Deborah  S.  Maas,  Robin  L.  Musson,  and  Timothy  J.  Hayden 

5d.  PROJECT  NUMBER 

622720A896 

5e.  TASK  NUMBER  ^  j 

CUV  -TO  (3 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Engineer  Research  and  Development  Center  (ERDC) 

Construction  Engineering  Research  Laboratory  (CERL) 

PO  Box  9005 

Champaign,  IL  61826-9005 

8.  PERFORMING  ORGANIZATION  REPORT  1 
NUMBER 

ERDC/CERL  TR-03-13 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Department  of  the  Army  ) 

Office  of  the  Director  of  Environmental^  | _ ^ 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 
DAIM-ED-N 

^Programs 

600  Army  Pentagon  1 

Washington,  DC  20310-0600  j 

_ I _ _ 

11.  SPONSOR/MONITOR’S  REPORT 

NUMBER(S) 

12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 

13.  SUPPLEMENTARY  NOTES  . . 

Copies  are  available  from  the  National  Technical  Information  Service,  5285  Port  Royal  Road,  Springfield,  VA  22161. 

14.  ABSTRACT  —  - - - - 

Prescribed  burning  has  become  an  increasingly  common  management  tool  to  modify  habitats  for  many  species  in  the  southeastern 

United  States.  On  military  installations  in  the  southeast,  prescribed  burning  is  used  frequently  on  a  landscape  scale  to  control  midstory 
encroachment  in  habitats  of  the  endangered  red-cockaded  woodpecker  (Picoides  borealis).  On  Army  installations,  as  much  as  one- 
third  of  red-cockaded  woodpecker  habitat  is  scheduled  for  prescribed  burning  annually  under  installations’  Endangered  Species  Man¬ 
agement  Plans.  Such  a  wide-scale  use  of  prescribed  burning  to  achieve  management  objectives  focused  on  one  species  raises  valid 
concerns  of  ancillary  effects  to  other  biological  resources  on  military  installations. 

Military  land  managers  need  a  current  scientific  perspective  on  the  effects  of  prescribed  burning  on  the  three  most  popular  terrestrial 
game  species  in  the  southeast:  bobwhite  quail  ( Colinus  virginianus  L.),  eastern  wild  turkey  ( Meleagris  gallopavo  silvestris  Vieillot), 
and  white-tailed  deer  ( Odocoileus  virginianus).  This  literature  review  provides  land  managers  useful  information  for  planning  and  im¬ 
plementing  a  balanced  burning  program  as  well  as  information  useful  for  educating  the  public  on  the  effects  of  prescribed  bum  pro¬ 
grams  on  installations. 

15.  SUBJECT  TERMS  —  " - 

land  management,  literature  review,  wildlife  management,  prescribed  burning,  bobwhite  quail,  wild  turkey,  white-tailed  deer,  fire 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

Timothy  J.  Hayden 

a.  REPORT 

Unclassified 

b.  ABSTRACT 

Unclassified 

C.  THIS  PAGE 

Unclassified 

SAR 

72 

19b.  TELEPHONE  NUMBER  (In¬ 
clude  area  code) 

(217)  352-6511,  ext  6365 

Standard  Form  298  (Rev.  8-98) 


Prescribed  by  ANSI  Std.  239.18 


NSN  7540*01-280-5500 


